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My LORD, 

AS Britain is the Birtb-Plac^ 
of Philosophy, fo Ertg- 
lijh is its vernacular Tongue, and 
A 2 tU 



DE£)ICATI0N. 

the Newtonian Matbefis its peculiar 
and diftinguiihing Drefs. In this, 
with all its native Elegance and Ma- 
jefly, It attends on Your Lordship 
for Protedion ; perfuaded that He, 
whom the Wifdom of the Legifla- 
ture has conftituted Judge of the 
laaws of Rations and RigBts of 
Mankind, (which are founded in 
|the Primary Law of Reason) muil 
be particularly qualified and dif- 
pofed to patronize a System of the 
Secondary Laws, and a faint De- 
lineation of the Divine Geo- 
metry of Nature. 

It is not, My Lord, that Pbilo- 

fophy has any thing to apprehend 

from the Attacks of Ignorance and 

Pedantry, that it thus recurs to 

Your 
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YofjR Lordship i All truis Science^ 
and eveiy Liberal Arty is far enough, 
above GDntempt and Ridicule. The 
only Reafon is, the Ambition of 
having the Honour of a Patron in fo 
great y fo wifey and fo good a Man,. 
^ My Lord Chief Justice LEE, 

lT,w^as with the highcfl: Satisfa- 
6lion and Pleafure, that I had the 
Honour to obferve, how nicely the 
fublime Speculations and exalted Di- 
vertifements of Philofophy were fuit- 
€d to YotJR Lordship's Tafte and 
Turn of Mind} and how ftrongly 
were confefs'd in eaqh confcious Li- 
neament the Pleafure and Delight 
that arofe from a near Infpe(9:ion of 
the manifold Inftances of Creating 
Power andWiJdom.^ 

A3 *Tis 
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*Tis true, My Loki), Knowledge 
is now become not only reputable^ 
but even fajhionabhy among the 
Great. Many noVsr think it no Dif- 
grace to be wife and learned : We 
can now look up into 'High Life, 
and view Patriots and PatronSy 
Minifiers and MecanasSy in the 
fame Perfons: We can now boaft 
our Chesterfields andRicHMONDs, 
our Orreries and Macclesfields, 
and many other illuftrious Perfonages, 
among the Nobles^ the Judges, and 
ftulers of the Land, who are never- 
thelefs tlie Fautors of Learning 
in general, and in particular the Aid 
nW Ornament of Philofophy. 

Yet, after all, there is but too 
iliuch Reaibn to wifli thefe great 

Exem- 



P EDI CATION. 

JB Jcemplars were more common. *Tls 
fad to pbferve how few, like Youk 
I^oRDSHip, live up to the Dignity 
of Human Nature, and their exalt- 
ed Stations in Life j that foar above 
the fordid Pleafurcs of mere -^»/- 
mal Senfation^ and the low Amufe- 
tnents of Vulgar* Minds -y that can 
relifli and be delighted with the 
Maxims and Didates of Philofophy^ 
Religion^ and Reafon\ and, laftly, 
that have Pleafure in fearching out 
the Works of the Lordy and con- 
templating the Operations of his 
Hands* 

That Health .and Longevity 

may compleat the Bleffings of Wif- 

dom to Your ^/Ordship and your 

aufpicious Off-fpring, (whofe pecu- 

A 4 liar 
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liar Felicity ic is to enjoy not only 
Riches and Honour, but Wifdom 
and Virtue by Inheritance) is the 
fincere Prayer of 

May it pleafe Your Lordship, 

Your LordshipV moji dutiful 

(ind fHofi obedient Servant t^ 



B. Martin. 
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PREFACE. 



HAVING read and confidcr'd the 
Defign of the fcvcral Books hither- 
to publifh'd for the Explanation of 
the Newtonian Philosophy, 
under the Titles of Commentaries ^^ Courfes^ 
Effays^ Elements^ Syfiems^ &c. I obferved 
not one of them all could be juftly efteem*d 
a True System, or Compleat Body 
of this Science, 

I WOULD not here te underftood to have 
any Defign^ of depreciating the Labours of 
thofe Gentlemen who have gone before me 
on this Subject 5 I only would intimate that 
their Views and Defigns were very dif- 
ferent from mine, which is to prefent the 
World with a Physico-Mathemati- 
CAL Treasury of Natural Know- 
i>EDGE, upon the Principles of the New^ 
toniari Philojbpbyy which I have been chiefly 
enabled to efFedl from the Abundance of 
Materials fupplied by the Authors of the 
Treatifes in the following Catalogue, each 
of which is excellently good in his Way. 

So that if the Cafe be truly ftated, my 
gook may be look'd upon as a General Com- 
pendium 
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pendium or Abridgment of all theirs^ For 
as tKey have ^11 lain before me, I have con- 
Aantly collated them upon every particular 
Subjed:, as 1 proceeded through the WofIc^ 
and fele^ftcd the bejl of every Thing I could 
find for .my own Compofitiori. - , 

Hemce it is, that where fome of them 
have been very prolix y my Labour has been 
to abridge or reducd them to a Compen- 
dium of Principles and Effcntial Propofi- 
tions only** Thus Keill on the Subjedt of 
Motion and Aftrommy^ Mufchenbroek on Co- 
bejian^ Sir Ijhac Newton on Optics ^ &c. have 
all been treated. 

As Redundancy on the one Hand has 
been avoided, fo their Deficiencies on the 
other have beeg fupplied. Thus Keilfs In- 
trodudion to Pbilojopby relates to the Me- 
chanical Part only. Profeflbr Mufchenbroek 
has wholly omitted the grand Article of 
Agronomy J and the Fhyjical Caufes of the 
Celejlial Motions and Fhanomena. Dr. Def* 
aguliers has thought fit to omit the moft 
cflcntial Science of Optics y and is almoft 
wholly taken- up on Mechanical and Hy- 
droftatical Subjefts. Yea, the beft and moft 
general Writer &' Grave fande^ in his laft large 
Edition of his Elements^ falls far (hort of a 
general Syftem or Body of Pbilofophyy \q 
various important Subje<5ts, as will cafily 
appear, by comparing his Table of Con* 
tents with mine. 

I TAK5 
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I TAKE no notice of leffcr Tra6ts, fincc 
few of them pretend to any Thing fyftema-* 
ticaily ; and they who do, propofe it with' 
reftrifted Views, either to the Theory only, 
or elfe to fome principal Parts or Branches 
of the Science. Thus IVorfter'^ Principles of 
PbiloJbpJoy amount to little more than a Re- 
hearfal of ThefeSy with fcarce any Demoiiftra- 
tions throughout. Hel(hain% LeStures are 
admirably good as far as they go. And the 
Leftures, lately publilli'dby the Abb^Nolkt^ 
are but a Part of his Work, and are in- 
deed excellent Philofophical Sermons or Dc- 
clamations, and fl:ri<5tly in the French Style 
mdTafte*. 

But what others have done is not fb 
much the Defign of this Preface to relate, 
as what I have done Myfelf in this Trca* 
tife^ which I fhall fpccify under the fol- 
lowing Heads. 

First, I have endeavoured to compile 
a Compleai Syjiem ofPhilofopby^ from the great 
Fund of Materials which the Writings and* 
Inventions of the Moderns have fupplied me 
with. Under this Head I have had regard only 
to the Choice ^nd Propriety of the Subjeds; 
and their Order and Difpofition,or due Ar- 
rangement in the Body of the Work. Hence - 
it is that I have admitted nothing that is 
not of a Phyfical Nature, and omitted no- 

f Tlie Lord JUfimmon qbferves, 

T^e weighty Bullion of one Stirling Urn, 

Drawn to Fnnck Wirc^ would (hro^ 'wbok Pagtsjbim. 

thing 



P^R E FACE, 

thing that is fo, as far as the Limits of my 
prefcribed Form would admit me to go. 
J^or are thefe fo ftrait, as not to be com- 
prehenfive of every material branch of na** 
tural Science, or confiderable Phasnomenon ^ 
as will eafily appear, from a View of the 
Contents and Index. 

Secondly, What has been wrote upon 
each Subjed in every Part of the Science 
has been carefully ex^min*d, jnd fuch an 
Extract made as was judged to give a fufi^ 
ficient Idea or Notion thereof to the Rea- 
der, And where I thought a more exten- 
five View could be of Service, I have cqn^ 
ftantly referred to the beft Authors on the 
Subjedt. 

Thirdly, If from the whole Account, 
given by others, of any particular Branch 
of Science, \ could not coUeft what fufficcd 
for an entire Sketch, I have endeavoured tq 
fupply thofe Deficiencies, in order to ren- 
der every Part compleat, and fave the Rca^ 
der the Trouble of turning to feveral Au- 
thors for that Purpofe. Remarkable In- 
ilances of this may be found under the Ar-^ 
ticle3 of Wheel-Carriages^ Hydraulics^ Optics^ 
&c, 

FouRTHi^Y, If the Method of repre-^ 
fenting or demonftrating any Subjedl ox 
Propofition by others has not been judge4 
fo clear, concife, or natural as was necef- 
fary, I have propofed it in my own way, 
tp anfwer this important End- Fpr the 

greateft 
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greateft Excellency of a Demonftration is 
Concifenefs and Perfpicuity. . The Want of 
this is a great Difcouragement to Phyfical 
Enquiries, as 1 am but too well convinced 
by my own Experience, and that of many 
others. 

Fifthly, According to the different 
Nature of the Subjed:, a various Procefe 
has been made ufe of to explain or illiif- 
trate the fart^e. Thus Tome Things require 
a Pbyjical^ others a Mechanical^ fome a Geo* 
metrical^ and fome an Experimental Proofs 
which have been accordingly applied, fomtf- 
times fingly, fojuetimes two or more, and 
fometimes all together. Thus from Pbieno- 
mena we inftitute a Ratiocination concern- 
ing the Materiality, the Velocity, different 
Magnitudes, Colours, and other Affedions 
of the Particles of Light. Then the Laws 
of Refledtion and Refraftion are explained 
by Mechanical Principles relating to the Mo- 
tion and Action of Bodies one upon another. 
Again, Tht Principles of Geometry zveczWd, 
in to explain and account for the Effedls of 
Mirrours, Lenfes, Optic Inflruments, the 
Rainbow, fi?^. And, Laftly, thofe various 
Phaenomena are reprcfented, and the Man- 
ner how they happen explained by Expe-^ 
riments. 

Sixthly, I have all along applied the 
Newtonian Geometry^ that is, the Pluxionary 
Calculus^ for the Demonftrations, which I 
think is with the greateft Propriety and 

Juftnefs 
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Juftnefs \fk Phyfical Matters, bccaufc the 
principles of this Geometry are inthemfelycs 
ftridily Philofophical, as 1 have ^cwn in 
its proper Place. Befides, the Procefs is not 
only rendered by this means much more 
congruous and natural, but more evidcjot 
and coqcife than by the common Methods 
of Demonftration it could be. Of this we 
have a iignal In:ftance in the Calculation of 
the Angle, which the incident Ray makes 
with the kft rcfradted Ray in a Drop of 
Water, as will appear by comparing what 
is here contained in Scholium to jinmt. 
CXXIV. With what you find on this Heafl 
in other Authors. 

Seventhly, As the Bounds of this 
Science have been of late Years vaftly ex- 
tended, fo I have been v^cry careful to 
treafur^ up every ufeful Invention^ and 
given a fliort hiftorical Account of the fame, 
and the Names of the Authors. If in my 
of thexn t found an Improvement could be 
made, I have d<Mie it, as in the jlir^Pujnp^ the 
Micro/cope^ &c. or hinted it to the* Reader, 
as in cafe of the jiir or Steam^Gun.^ 

Eighthly, 1 find by common Expe- 
rieace nothing tends more to the Concep- 
tion and enlivening an Idea, and fixing it 
in the Memory, than a good Delineation of 
the Figure or Form thereof. Hence it is 
. that the Reader will here find a greater 
Number of Copper-Plate Figures than in 
any other TreatiXe of this Kind^ of its Size^ 

And 
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And if I tell him they were all done by the 
ingenious Mr. Bowen (Geographer to his 
Majefty) it may likewife prepoffefs him in 
Fi^voijr of their Goodnefs; which though 
an indire<^ and collateral, is yet no ipconQ* 
derablQ Argument to recommend a Book 
of this Kind. • 

NiNTHiLY, J hav^ delivered the Whole 
by way of Lectures and Annotations 
theretd, (a Method of late Years the moft 
ufed and approved of) not only becaufe 
the Reader is by this Means led throu^ a 
Syftcm of Philofophy, without being coa- 
iia'd to the Irkfomejiei^ of a preciie and 
regular Path, and a fimultaneous Profpe^ 
or View of the Whole at once ; but alfo be- 
caufe that vaft Variety of Things, which here 
pfefent themfelves, may haye the Pleafurc 
that attends Variety heishten'd and increafed 
by emerging fredi to nis View as he pafles 
along|. and regaling him with fomething 
ftill novel and unexpedted. Annotations 
feem to anfwer the End of Scenes in a Play; 
they prefent the Whole moft agreeably in 
Parts, which thus more immediately a&<3s 
us, and gives us the greateft Pleafure and 
Entertainment. I need not here mention 
the Conveniency .of this Method alfo to 
thoie Gentlemen and Ladies who attend 
ihy Courses of Lectures. 

TENTHLY,With Refpedt to the Size of 
the Print, it is fmall, yet fair and legible to 
& common Eye ; a larger Print was incom- 
\ patible 
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{)atible with onr View, which was to coni* 
prife a Body of Philofophy in the Compaf^ 
of two Ptocket Volumes. And the Reader 
will not be difagreeably furprized when he 
is told, that he buys more in two Volumes 
S^*' now, then he ufed to have in two large 
Volumes in 4^, and at lefs than half the 
Price. I believe feW will blame me for 
this Contrivance, befidcs thofe who buy 
Books more on account of their Size and Ap- 
pcarancei than for what they contain, and 
who have a greater Regard to the Pomp 
ftnd Magnificence of a Libraryj than to the 
Improvement of a vain ahd barren Mind 
with fublime and ufefill Knowledge. But 
for fuch 1 write not, nor regard their Cen** 
fure. 

IThus much for the Oeconomy of the 
Work ; and as it is manifeftly c^culated 
for a general Good, fb I believe none will 
find fault With the Defign. As to the Man- 
ner of executing it, 1 have done it as well 
as I could; and if any one thinks me defi- 
cient in any thing, let him qualify his Cri- 
ticifm by confidering that I pretend not to 
Infallibility, but only where I. give a plaiti 
and clear Demon ft ration. In this, if 1 am 
not underftood fometimcs, I am hot per- 
haps to be blamed ; fof I'll appeal to Envy 
itfclf, if the Manner of the Demonftration, 
where moft difficult, be not as plain and as 
obvious as the Nature of the Thing will ad- 
mit. And here it will be proper to obferv*, 

that 
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that although I have made ufc of Gem^tfy^ 
j4Ige6ra, and Fluxions^ to invcftigate the 
Truth of all the principal Propofitions in 
Philofophy, yet as I cannot fuppofe Readj* 
ers in general qualified to underftand it in 
that Manner, 1 have been careful to exprefs 
the Refult of every Procefs in plain Eng* 
Hjh i fo that every 6ne may know what is 
the Truthj though he cannot be fo proper- 
ly faid to underftand it. For Inftances of 
what I now fpeak of fee the feveral Arti- 
cles of j^nnotat. XXVII, XXXIV, and 
XLVIII. 
* I DO not know that I have advanced any 
thing here, which 1 have not one Way or 
another proved t6 be true* however, I dc^ 
fite that nothing but What is demonftrated 
niay be accounted to deferve the Title of 
Newtonian Philosophy. Our Great 
Author feem'd . quite averfe to Hypotbefes i 
and though he indulged them to others un-»- 
dcr proper Reftridtions, yet did himfelf ne* 
Vef make ufe of tYi\% fallacious Way of Rea^ 
fonittgy though he has been uiijuftly charged 
therewith by fome, who^ by National Ih^ 
fiinSly fcorn to fubfcribe to any Syftcm but 
of their own making. * Hence it is we fd 
often hear them babbling about Newton*s 
Hypothefs^ &c. and making unfufFerable 
Companions between him and Defcartes 
and Leibnitz. One would think they who 

i knew but little of Philofophy wpuld yet fc6 

no ReafoQ for a Parallel between a Syftem 

^ a of 



PREFACE.. 

of Philofophy that is founded on nothing 
but Demonjiration^ and is every Way com- 
portant with Fbanomena^ and one that is 
wholly hypothetical^ and, inftcad of account* 
ing for, runs counter to every thing that 
appears!.! think it is little Glory, (not to 
fay Vain-Glory) for a Man to boaft that his 
Philofophy is not that of Newton *, till he 
has firft fatisfied the World his Abilities and 
Difcernmcnt into the Nature of Things are 

. greater than thofe of Sir Ifaac. This I am 
well aflured of, that the greater Share of 
Mathematical Knowledge any Man has, the 
more readily he embraces Sir Ifaac's rrin- 
cipks; and. I fcarce ever found any that 
oppugned Sir IfaaCy but who were either 
grofsly ignorant of what they defpifcd, or 
were aftuated by fome particular Views. 
In fhort, nothing but Prides Prejudice^ and 
Ignorance^ will tvtx ftir up Enemies to the 
Newtonian Philofophy. 

They who depreciate this Philofophy 
by the Term Hypothefsy feem to me not 
to have read (at leaft not confider'd) what 
Sir Ifaac has wrote, when he tells us, 
" That in Experimental Philofophy, Hy- 
" pothefes are not to be regarded. — What 
" I call Attraction may be performed 
" by Impulse, or by fome other 
" Means unknown to mc. I ufe that 
" Word to fignify only in general any 

^* Force by which Bodies tend towards one 

^ Sec the Pre&ce of Abbot Nollbt*) Ufm d$ Fbyfif^ 

** another^ 
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<« amtber^ whatfocvcr be the Caufc. " ♦ 
After our illuftfious Author had thus cx- 
prefsly dirdaim'd all Hypothefes, and fo 
fully explaifl'd his Sentiments about the 
Power which he calls AttraSHm, is it not 
very wonderful to hear a Set of People 
charging htm vntb founding his Phih/cphy an 
ibe Hypothefis of Gravity? Will thefc very 
fagacious Gentleinen allow anjf Power ataU 
is concerned in the Tendency oi one Body to 
another ?^ If they 46^ is it not becaufe it is 
impoiiible to con^der Bodies .ading at a 
Diflance upon each other without ? If fo^ is 
not the pxiftence of fuch a Power a Reali* 
ty in Mature ? And can fuch a Force then 
l^. tiillVi an Hyp^h^f Surely not. Ag^ 
their ^ccufing Sir Ifaac for accounldng for 
Things ijr j^radiim^ is tneer caviiCng about 
Woid^ aud begging him guflty ; he dei- 
iclgres he knows .riptthQ Manner in .which 
that Force aifis^ vfhether by 4ttr0im or 
Jxfi^ljufn^ or otherM^.ife3 but ^le fome Naofie 
inuil hp giyen ky,vWHy m^y not he pall it 
by that ,of Attr^iofi or Gra^ty^ ais i^rell as 
by any pther? Not that this great Man did 
even this without a Reafon^ for 'tis evident 
from a thoufand Experiments and Phaeno- 
inena^> that this is much more like the Ef- 
fcft of one Body's drmving than impelling^ 
another towards it. ' , 

a 3 But 
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But fo far is Sir Ifaac ivom fuppojmg that 
j| Bodies tend to each other by Attraction, 

that he once condefcende4 to form an Jfy- 
potbefts to fliew that it might-be donfc by 
Impulsion, and that of a very fubtle E- 
laftic Spirit or ^ther. But as he was not 
I I able to prove the Exiftence of any fuch 

Thing, he fecm*d not at all delighted with 
the Thought, nor ever laid any Strefs up- 
on it; and accordingly we have not ad- 
mitted it as a Principle of the Newtonian 
Phiiofophy. Befides, fuppofe this could be 
proved, we {hould ftill be at a Lofs to ac* 
<:ount for the material Caufe of this very 
great Elaftic Powet between the Particles 
oi this JEther; we ihould indeed advance 
three or four Steps higher on the infinite 
Ladder, but (hould be equally non-plus'dWixii 
the mechanical Caufe of Elajlicity then, as 
we are at prefent with that of Gravity. But 
after all, 'tis evident by Experiments that 
this Power which adkiates Bodies, whatever 
it be, isi nbt either AttraSUve or Repulfroe 
foliely; but it produces both the different 
Effeds in different Circumftances ofDiJiarices. 
Thus the Loadftone at one Diftance moves 
the Needle towards itfelfy at another Di- 
ftance it caufes it to recede or move the con^ 
trary Way. This Power in Iron is attrac- 
tive, if touch'd upon the Stone in one Di- 
rection; but if in a contrary, it becomes 
Tcpulfiye. The fame ambiguous Properties 
01 this Power obtain in EleSlricity^ and 
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undoubtedly in all other Sorts of Attfa6Moh5. 
Therefore, before we fet ourfelves about 
finding out a Power, Spirit, or iEther, that 
ihall move Bodies either by Attra£Hm or 
Repul/my it is in the firft Place neceflary 
to find out an Agent that (hall do both, 
for fuch a Principle is at prefent the Defi-- 
deratum to our further Advances in the Re« 
fearch of natural Caufes. 

It is fometimes furprizing, to obferve, 
how very fond People fecm of this fubtle 
JBtheri one accounts for the Cauje of Gra- 
vity thereby, another for Mufcular Motion^ 
a third for BieSiricity^ a fourth from hence 
derives Atimal Spirits^ a fifth Elementary 
Fire: And, in (hort, we want nothing 
but the Proof of fuch an Mtber to account 
for almoft every Thing by it. But is it not • 
a prepofterous Proceeding to account for 
any Thing by a Principle in itfelfunao 
countable, and utterly unknown? 
• However, we are arrived at great Dcx- . 
terity fince Sir lfaac*% Time; for we can now 
almoft prove the Exiftence of this Mtber by 
the Phenomena of Eleftricity; and then 
we find it very eafy to prove that Eledri- 
city is nothing but this very ^ther conden** 
fed and made to fhine. But, I believe, when 
we enquire into the Nature and Properties 
of thi3 iEther and Eledricity, we (hall find 
them, fo very different and difiimilar, th^t 
we cannot eafily conceive how they fliould 
thus mutually prove each other. For ac- 

a 3 cording 
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cording to Sir Ifaac^ this iEthcr is the moft 
fubtle of all Bodies, and confifts of Particles 
(of courfe) very much fmaller than thofc 
of Light, and which have a much greater 
Velocity 5 this ^ther therefore pervades 
with the greateft Freedom all Bodies, adul- 
ates their Parts, &c. But on the other hand^ 
we find by Expieriments that the Fire of 
Ele6lricity ;s a very grofs Subftarice ; for it 
daflies again ft the Surface of Glafs like fo 
much Wztj^Vy and does not enter the Pores, 
as Light does, that is fo much grofler than 
^ther. This is ftill made more plain and 
demonftrable by eledlrifying a Wire in an 
exhaufted Receiver, where the Eled'ricity 
iffues out in much greater Abundance, and 
in divers Jets, ftriking againft the Sides of 
the Glafs, and appearing to run down by 
the Sides in all Refpeds like Liquid Pbof- 
phorus\ and is no ways refleded or refracted 
like common Light, or even like the Light 
of a Candle: For if a Candk be view'd 
through a Prifm, the Light coming from 
every Part thereof is refraded, anci the 
whole • Flame is coloured and dillorted ; 
but it is quite btherwife with the Flame of 
EleSlricai Fire, for I often made that much 
larger than the Flame of a Candle, and 
viey^'d it through the Prifm, but no Co- 
lours were thereby produced, no different 
Form of Flame, but every way the fame 
as it appears to the naked Ey^. Indeed the 
denfer Part, juft upon the Tip of the Iron 

whence 
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whence the Blaze diverged, appeared a lit- 
tle tinged with Colours; which I take to 
proceed from fome comrrion Solar Light in- 
termixed with that of Eleftricity, Front 
hence (and for many other Reafons I could 
name) 1 fee no Caufe to believe that the 
Matter of Electricity is any thing like the 
Idea we ought to have of the Spiritusfubtiltffi^ 
mus of Sir Ifaac. Nor indeed can it be the 
fame with the Matter of common Light, 
which is differently reflexiblc and refrangi- 
ble ; whereas this appears not to be fo, bujt 
is a particular Sort ot Light, and nearly the 
fame as Phojphorus^ which I could never 
obferve to exhibit the Jeaft Appearance .of 
Colours through the Prifm. The Smell al- 
io of EleBrkal Fire is fo very much like 
that of Phofphorus, that one may be eafily 
induced to believe a great Part of the Com* 
pofition of both is the fame. 

As to the Doftrine of Elements and 
Elementary Firey we leave that to others, 
and expatiate only on the noble Heory of 
Light and Fire left us by our incomparable 
Author, who juftly confiders them as they 
are in Nature, illuftrates all, their Properties 
and <^alities, and applies them to the Ex- 
plication of a great Number of the moft 
jnterefting and important Phaenomena <rf 
Nature. The Newtoman Doftrine of Ek-- 
ments is in the Singular Number: One Sort 
of Matter only makes the Subftance of all 
the infinite Variety of Bodies we behold. 
a*4 Thus 
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Thus our Author fpcaks : " It fecms proba* 
*^ ble to me, that God in the Beginning 
♦* form'd Matter in folid, mafly, hard, im- 
^' penetrable, moveable Particles, of fuch 
^' Sizes and Figures, and with fuch other 
^♦Properties, and in fuch Proportion to 
Space, as moft conduced to the End for 
which he formed them. — Now by Vir- 
tue of certain adlive Principles or Powers 
all material Things feeni to have been 
♦' compofed of the above^mentiou'd Partis 
♦* cics, varioufly aflbciated in the firft Cre-i- 
♦' ation, by the Counfcl of an intelligent 
«f Agent." 

To conclude : It was an Obfervjition wor- 
thy of fo great a Genius as Mr. ^CoteSy that 
the Nenvt0nian Philofophy was our (munitiffi^ 
tnumprafidium acherJusJtbeorum impetus) beft 
Defence againft the Efforts and Affaults of 
Atheifts. —-That herein we more nearly 
view the Majefty of Nature, and enjoy it 
in the moft grateful Contemplation ; at thp 
fame time we are excited more intenfely to 
worftiip and revere the Creator and 
Lord of all Things, He ought to be re- 

£uted blindj who cannot immediately bcr 
old, in the beft and wifeft Struftur^s of 
Things, the infinite Goodnefs and Wifdom 
of the Omnipotent Architeft; an4 n^4^ 
lv|jo will not cpnfefs it^ 
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LECTUJIE I. 

Of Experimental Philosophy in^enerat. Of 
ibfi NpwTpNi AK MsTHOD and Rvtss of PUr 

. lofopbizing. Of Matter in generaly and its 
EJfential Properties. Of the Chemical Ele- 
MENT$ or Princii<l£S of Naturol Bodies. Of 
Attractiom and Repulsion, The Attra- 
£iiQTiif Cohesion. Of /^J^Cohesion ofva^ 
rious Sorts of Bodies. The Pb^enomena of Capil* 
LAJLY Tubes. Of a Vacuum. The Ratio- 
nale of various Proajfes of Chemistry, and 
9ther AttSn Of the principal Proplerties of Ele/ 
CTkicAL Attractions Repulfion. 0/Mag- 
n£tism and iti Laws i of the various Proper^ 
ties ^fthe Magnet in relation to the Needle % 
its Variation and Inclination; 

THE Bufine& of Experiment^ Philo* 
fophy (the Subjedt of this Courfe of 
LedhiresJ is to enquire into tad, inve* 
ftig^e the Reafon and Caufes of thd 
Various Appeamnces (pt Pbammmia) of Nature % 
and Jto lii^ the Truth or Profaabiiitjr thereof 
o^inowand evident to the Senfes^ by plain^ undd- 
hiabie, iai$d adequate E^^erimentSi reprefenting the 
fever ai Piuts of the grand Machinery and Agen^ 
tyaf:N^teKu 

B l^ 




:. 



2 , Of the Propertied of 60DIE8. 

In out Enquiries into Nature we are to be con- 
fiudled by thofe Rules and Maxims which are 
found to be genuine, and confonant to a juft Me- 
thod of Phyfical Reafot^ing; and thefe Rules of 
Philofophizing are, by the greateft Matter in this 
Science^, (the iricomparable S^r Ifaac Newtm) 
Teckdn*d Four; which I fhall give,- from his 
Princifidj as follows: 

RULE I. More daufes of natural itings are 
not to be admit ted J than are htb true and fufficient 
to Explain the Ph^encmena. For Nature does no- 
thing in vain, but is finople, iand delights not in 
fupcrfluous Caufes of Things. 

RULE II. And therefore of natural EffeSs of 
the fame Kind the fame Caufes are to be affigifd^ 
ns far as if can be done. As of Relpiration in 
Man and Beafts : Of the Deicent of Stones in Eu- 
rope and America: Of Light in a culinary Fire 
and in the Sun : And of the Refleftion of Light 
in the Earth and in the Planets. 

RULE III. The ^alities of natural Bodies 
which cannot be increafed or dminifh^d^ and -agree 
to all Bodies in which Experiments can be' made ^ are 
to be reckoffdas the Qualities of all Bodies vibatfo- 
ever. Thus, becaufe Extenfion, Divifibility, 
Hardnefs^ Impenetrability, ^^obility, the Vis In- 
ertia^ and Gravity, are fixind in all Bodies which 
fall under our Cognizance or Infpedbion, we may 
jufUy conclude they belong to all Bodies whadb- 
ever; and are therefore to be efteemed the origi- 
ndX and univerlal Properties of all namral Bodies. 

RULE IV. 
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litJLE IV. In Experimental Pbiiofofhj^ Pro- 
fofitions ^olkSed from the Pb^enomena by InduSion 
are to be deemed (noltvitbftanding contrary Hypothec 
fes) either exaSly or very neaffy true; till other 
Ph^metla occur by which they may be rendered ei- 
ther more accurate^ or liable to Exception. This 
ought to be ddne, left Ailments of Induftidfi 
Ihould be dcftroy'd by Hypothcfes, 

If according to thefe Rulct we take a Survey 
of the vifible World, and ftridtly examine thfe 
Nature of particular Bodies, we fhall find Reafbn 
to conclude; that they all confift of one and tht 
jdine Sort of Matter 6¥Siihfiance\ and that all the 
Diverfity or Difierence we obferve among them 
arifes dnly ftoth the Various Modifications and dif^ 
leient Connexion or Adhefion of the fame prlmi^ 
genial Particles of Matter (I); 

(I) Thjcfe four Roles of Philolbjphizing are premifed by Sir 
I/aac Niwtou to his third Book ot the Principia ; and more 
particularly explained by him in his Oftia, where he exhibits 
(he Method of proceeding in Philorophy in the following 
Woids,: 

I, As in MatKemsitics, ib vi Natoial PhSofopky, die hi* 
vefHg^on of difficult ,Thbg9 by way of Jnaiffis^ ought al- 
ways^ to precede the Metfaml of Comptfitiam. Tlus Analyfiii 
^onfifts in making Experiments and Obfervations, and in draw- 
ing general Condufions from them by Indudion (i . i. Rea« 
jbnlng from the Analogy of Things by natural Coo&qaence,) 
and admitting no Ofajediofis againft the Condufions bat what 
are taken hSm Ejqpenmeats, or other qnrtain Truths. And 
altW the arguing from Experiments and Obfervaticm by Inr 
4tt£iid^ be no Demonilratio^ of general Condufions ; yet it 
. is the beft way of aiguing which the Nature of Things,admits 
of, and may be looked upon as fo x^ucfa die Wronger by how 
.much die Induction is more general. And if no Exception 
dcciir from Phienoiiiena» the Condufion may be pronoonced 
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Matter, thus varioufly tpodified and confi- 
gurated, conftitutes an infinite Variety of Bodies, 

generally. &ut if at any Time afterwiudsy any Exceptions 
wall occur from Experiments, k may then be pronounced 
with fuch Exceptions. By this way of 4Im^ we may p^ 
ceed from Compounds to Ingredients, and from Motions tP 
the Cai^s producing them ; and in general from EfFe^ tio 
their Caufes ; and from patttqilair C^ufes to xaott general 
ones, till tiie Argument ends in^the moft general. This is the 
Method of Analyfis. And that of Sjnthefis (or Compofidon) 
conMs in afTuming Caufes difcoyer'd and eilablifh'd as Pijnd- 
))le8, and by them explaining the FArjionnm proceeding from 
them, and proving the Explanations. : > 

2. That Matter or SubJlance ia one andtbi fame in all Bo- 
dies, and that all the^'Yariety We 6bferve arifeafitHn the vari- 
ous Forms and Shapes which it pots on, is I think very proh 
bable, and may be concluded frt>m a general Qbfervation of 
the Procedure of Nature in the Generation and Deifrudion of, 
bodies. Thus, for Inflance, Waiir lurified by Hdit, be- 
comes f&fpur; great Colle£Uont of Vappun form C/oudti 
thefe concienfed defcend in form of Rain, or Haiii Part pf 
this coileded on the Earth conftitutes Riwrs ; another P^ 
mixing with the Earth enters into the |loots of Flantiy and 
fupplies Matter to, and expands itfelf into various Species of 
Vegetables. In each Vegetable it appears in one Shape in the 
■Root, another in the Stalk, another in the Fbwers, ano^^r 
in the Seedt, Sec. From hence various Bodies proceed i friom 
the Oak> Houjis, Ships, &c. from ttnnp^nd Flax; wehav^ 
Thread; from then<^ pua^M4o«i Kinds of Uutm ; from thence 
Garments ; thefe degenerate into Ratgs, which receives frtmi 
the Mill the various Forms of Paper j hence our Boohs ; which 
by Fire are converted partly into Water, partly intoO^ ano- 
ther P^t into Air, a fourth Part into Salt, and a fifth int6 
Earth ; which are called the Elements of Bodies, and which 
mix'd with common Earth, are again refufcitated in various 
forms of Bodies. 

3. The Elements, or Principles to whidiall Bodies are 
ultimately reduced, are the ive ' abpvemendonM, viz. 
<i.) Water, ot Phlegm (as *tisca]i'd} which generally rifes 
and goes offfirft, as in the Chemical Analyfis of a Plant in 4 
Retort by Fire. (2.) Ai r, which efcapes unfeen in ereat Qu^- 
tities from all Bodiei> i and tho* it has not till lately been 
known to make a Part of natural Bodies in a fix'd Scite (and 
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all which are found to have the following commm 
Properties^ viz. 

EXTENSION, orthatby whichitpoffeffes . 
or takes up fome Part of univerfal Space ; which 
Space is call'd the Place of that Body. For all 
Bodies zxt eittendcd either (i.) into Lefigtb mXjt 
and then it is called a Lin^ ; or (2,) into Let^tb 
and Breadtby which is call'd a Superficies ; or 
(3.) into Lenglby Breadth^ and Deptby which 
then is call'd a Solid. Thefe are the tbree Di- 
menjionsy according to the Quantity of which the 
Magnitude or Bulks of Bodies are eftimated (II). 

therefore never taken Notice of as an Element of nataial Bodie^ 
yet that it is fo in a very remarkable I>e^;ree» (even fo 6x as 
to make half the Snbfiance of fome Bodies) I fhall give fuffi- 
dent Proof when I come to treat of ardfidal or£i6titions 
A|f. (3.) Oil, which appears fwhnming on the Top of the 
Water. (4.) Salt, which is either VotatiU^ or rifes in the 
Still, as that of Animal Sabflances ; or F/xV, as in Vegeta- 
bles, and which is extra£led by diiTolvine them in Water from 
a Lixivium of the Adies, and afteniBar£ by evaporating the 
Moiftord to a Pellicle, wd fetting the Salt to (hoot into Qj^ 
fiaUn (c.) Earth, or what is cdl*d the Cafrnt-Mortt^nm^ 
being what remains of the Aflies after the Salt is extraded, 
which can be no ferther alterM by any Art whatfoever. 

(II) The MAGifrruB^ of fiodiesis the Qiiantity of their 
Dimenfioas exprefs'd in fome common otftandardMcz£\ist^ at 
an Incb^ d,Fcot^ a TarJ^ See. and it is thus eilimated : 

1. When Bodies have but one Dimenfion, as Lines, then ' 
it is exprefsM by the Number of Inches and Parts of an 

Inch contained in their Length : Thus the Dimenfion of the Plate L 
Line AB is 3 Inches; of CB 2 Inches; and the Compari- Fig. i. 
fon of the Length of AB to CB is called the Proportion or 
Ratio f thus the Ratio of AB to CB is that of 3 to 2, or 
(as it is ufually cxprefs'd) A B : C B :: 3 : a. And be- 
caufe this Comparifon confifts of aify one Ratio, it is (aid to be ^ 

a Jimple Ratio, 

2. Thofe Bodies which have two Dimeniions, as Superfi* 
cies, have their Magnitude exprefs'd by the Reftangle under 
both, or the Produft of their Length by th^ir Breadth ; thus 
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SOLIDITY, fometimcs called the Impe- 
netrability of Matter, is that Property by 
which a Body excludes all others from thp Place 
which itfelf poffeffeth ; for it would be abfurd 
tfi fiippofe two Bodies could polTei^ one and the 
fame Place ^t the fame Tin>e. From this Defi- 

Platc I. if any Surface ABCP has its Length A B == 4, and its 
rig. z. Breadth BC ==: 2; then its Dimenfion (which in this Cafe it 
GaU*d the jfrfa, or SuperJUud Cpi^ent) 19 thus f^cprefs'd, 
AB X BC = 4 X 2 = 8 ; that is, th^re arf eight imall 
Squares, which are fquare Inches^ Tquare Feet, i^c, accord- 
ing to the Meafure of the Sides. 

3* If this Surface be compared with any other, as EG, 
Plate I. whofe Length is EP 1= 3, and Breadth FG =r 2; then 
I'^S- 3. their Magnitudes will be to each other asABxBCtoEPx 
FG, that is, as 8 to 6, or as 4 to 3. And becaufe in th» 
Comparifon each Term confifts of two Parts, or there is a 
twofold Ratio of Length to Length, and Breadth to Breadth, 
therefore this is faid to be a Duplicate Ratio ; and fo all Sur- 
faces are to each otHer in the Duplicate Ratio of their Sides. 
4. In like Manner all Solid Bodies^ which have three DU 
Plate 1. mcnfions, have their Magnitudes exprefs'd By the Produft of 
|ig, 4, 5. their Z^;7^/;&, Breadth^ and /)^/^ together. Thusif there be 
one Solid AG whofe Length AB =: 4, its BrcadthAlft =r 2, 
and Depth AD = 3 > and another Solid HO, whofe Length 
JEII zi:'3, Brjgadth HM = i, and Depth HL = 2 5 then 
will their Magnitudes be to each other as AB x BE x A'D 
to HI X HM X HL, that is 4 x 2 x 3 = 24 to 3 x i x i 
=: 6, or as 24 to 6. And therefore Solids are (aid to be in 
a triplicate Ratio, 'vix. of their Length, Breadth, and Depth, 
or Thicknefs i and the Standaixl Meafure in this Cafe is call'd 
a Cubic Inch ^ Foot\ Sec. becaufe of its being in the Form of 51 
Dye, or Cube, which Figure is contained under 6 equal and 

redlangular Planes. 

* 5. Hrid here ir will be neccffary to ^dvertife the Reader, 

that any Quantity is generally denoted by a fingle Letter, as 
A, B, (^c, fend the Square of that Quantity by A x A or A A, 
or A'"", B*, bfc. and the Cube by A^ or B^ And when W€ 
• cxprefs the Ratio of two Quantities A and B, it is ufually thus, 

A • B ; and when we compare this Ratio with any other, as 
of C to D, we exprefs it thus A : B :: C : D. If both Terms 
of the lUtio increafe or decreafe together, the Ratio is faid t^ 
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nkion it follows, that ^^fafttfi Boiitf are equal* • 
Iyya//rf with the ^^^/Cffl). 

be direft, and exprefiM as before : But if one Qoantiqr 
increafes while the other decreafes, and inee verfa^ in each 
Ratio ; then they are expreis^d ia a different Manner, nnx. 
A : |:: C : £, or A : C e: i : ^. And the Addition of one ^ 
Ratio A : B to another C t D is performed by mnltiplyinff ' 
the firft Terms in each Ratio together, and alfo the lad ; and 
the Ratio of thofe Produch AC : BD is the Sum of both the 
other. To fquare any Ratio is to mnldply it by itfelf A : B i^ 
A : B = A^ : B*, and fo theCube of any Ratio, A : B it 
A' : B' . If any would know more of the Nature of Ratios^ 
they may confult Dr. Saiuhfin's Algebra, or my Logaritluw 
logim. 

(Ill) FicuRABii.iTTi8asnc€eflary toMatterasanyofthe . 
Properties abovemendon'd; for fince Matter is not infinite^ it 
snuft be circumicribed within certain Limits and Bounds on 
«very Part, which confUtute the Figure of the Body ; and as 
the Particles of Matter may exili together in any Manner of 
Situation, fo the Figures er Form of Bodies, which they 
compofe, ms^y t^e infinitely various and different from each 
other. 

2. Qn this Property feveral Things of Moment depends 
thus according to the feveral Figures of the Corpufdes, they 
will touch by a greater or lefler Quantity of Surfiice, and fo 
will cohere more or lefs firmly together ; from hence will a- 
nfe various Qualities of Bodies, which are the Foundation of 
moH of the confiderable Phaenomena of Nature, as will be 
hereafter taken Notice of. 

3. Hence we may obferve like wife, that Bodies of dife« 
rent Figures contain, under the fame Quantity of Surface^ 
different Magnitudes or Bulks ; thus a Grck contains a grea* 
ter Jjaes, under the fame Length of Periphery, than any other 
figured Superficies j and a Spb^re^ under the fame Quality of 
Surfiices, conuins a greates Bullc or Space^ than any other 
Solid whatfoever. 

4. Of all the infinite Vagiety otf Forms or Figures, whic^ 
Matter is liable to, there are only fiyt which will admi^ 
the Particles of Matter, placed together, to fill the Space be* 
tween them complcatly, or fo as to leave no Pore, Vacuify, 
pr Interffice becv/een them ; and Bodies of thefe Fonns have 
been known by the gcner^ Name, of xi^Jive Platomf Sq^ht^ 
%iid are as follows: 
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DIVISIBILITY is that Property by which 
the Particles of Matter in all Bodies are capabfe of 
a Separation or Difunion from each other. Hence 
the Hefolution or Difobetitni of Bodies into thei? 
conftituent Gorpufcles, as in naany Operacions of 
\ Chemiftry. How far this may afhiaUy obtain ih 
Nature is not ea^ to fay : 'Blut that Matter is infi- 
nitely divifible in a mathematical Cqnf^derarioka^ 
is demonftrabte various Ways (IV). 




' 1. Tetrabednn^ whkh hasyW* ^jiM/triingularSiclf^k 

2. Hexahedron, of fix equal fquare Sides, *vix. a Cube* 
* 3. OaabedroHyOi €1^ eqmal ftid3i^na\ %]Ats, 

4, Dodicahidmnf of ttualve gqual triangolar Sides. 

5. Icofahedrmt, of /<iu^«f^ ^^n^ triangular Sides* 

5. Htnoc the Afferters of a Plentem arc neceffitated t# 
prove, that tllo' Matter is liable to an Infinity of Forms indi- 
fferently, yet all- its Particles muft have but fomc one of the 
Jive abovementiqn'd ; otherwife it will be as evident as ait 
Axtom, that the Particles of Matter have a different For», 
^d muft dierefore admit Vacuities or Pores in the Compefi- 
tion of ev^ kind of Bodies. Tho' this Argument for a Va?-' 
<imm has been little obferved, yet perhaps there is none morj: 
evident, geometrical and conclufive. 

(IV) 1. The eafieft Way to demonftrate the infinite Divifibi- 
Sty of l^fett^r, I think, is the following. Let AB be the 
Length of a Particle to be divided ; thro- each Extreme, A 
and 6, let there be drawn the Lines CD, EF parallel tq 
oach other : In the Line C D, between A and C, let there 
Ijc taken any Point G ; and in^the Line EF, from B towards 
F, let there be taken any finite Number of Points H, I, K, L^ 
fcff. If now from the Point G wc draw the Lines GH, GI, 
GK, GL, ^c, they will each of them cut ofF a Part of the 
given Particle AB ; and yet after all a Part PA will remain % 
$md fimce this will be the Cafe for any finite Number, 'tis 
plain the Particle AB contains a Number of Parts greater 
^han zny finite Number, and therefore infitnU, 

2. Another Demonftration equally obvious is the follow^ 
ihg, waj. Let A B be the ^ngth of the given Particle ; thro' 
A draw C D, and in the Point B, af fi^t Angles, draw thp 
indefinite right Liiie ^f,'m which )et there be any finite 
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' MOBILITY is that Property which all 
Bodies hai^e, of being moyeabk or capable of 
changing their Situations or Places. This ProN 
perty c& Matter is evident to afl our Senfes ^ and 
what nobody has confefledly deny'd (V)^ 



Number of Points taken, as G, H» I, K, &r* on thef^; Hf 
pcQterSy defcnbe the fevej«l Arches of Circles EL» EM. 
EN, EO, fcff. to cut the Particle AB, each of thefe wiu 
fake offa Part, and yet there will % Part AP remain ; there* 
fore, faTr. as before. 

3. Tho* we have no PoflibXtx of an InfhUice of this infi^ 
lUte I^ifiyiity of Matter, y«t Nature proceeds towards it to 
inconceivable Lengths in many of her wonderful (tho* com- 
mon) Operations. How minutely is Matter divided by Fire, 
$» a Piece of T^dlow, for fnfbince, in a lig^Mxi Gindle I 
What a prodigious Splureor Space- does ^ &ail Flame fin 
irtth Particles of Light, or a Grain 6i Affa fattida with odo- 
i^us Partid^ f How numerous and' imall the Particles of Ta- 
pours ari&ig from the Surface of Fluids ! Or die Particles of 
Copper, which from a fmgle Grain ihall be diffiifed dirof* 
the Sttbftance of many Millions of Times its own Qokntit/ oiP 
"^ter, and tinge it of a different Colour ! But InSaoces of 
this Kind are ehdkfs. 

(V) ^es Cartes and l^is Followers, who deny a Vacuumy do 
virtually deny Motion j for fince Motion is the Tianflation of 
a Body from one Part of Space to another, if there be no 'wni 
Sface^ fuch & Tranflation muft be made thro* a Space abfo- 
Ititely UVd with Matter, or not at all ; if the firft be ailerted, 
it, will follow, that two Bodies maybe in one and the fame 
Place at once, which is abfurd ; therefore there can be no 
Motion at all, upon their Principles. To fay a Body may 
fnove in a Plemtmy as a Bird meres thro* a Body of Air, or a 
Piih thro' Water, is faying nothing to the Parpofe ,• becaufe "piaXt I 
both Air and Water abound with Vacuities, (as is well known pjg, g/ 
from the Nature of each,) whereas a Plenum admits of no va- 
cuous Sjfjdce, and therefore of no Motion of the Particles, 
nor confequently of any Body between them. Befides, neither 
the Bird nor Fifti would be able to continue in the Air or Wa- 
ter, were they not fpecifically heavier than thofe Fluids ; but 
fipon the Soppofition of a Tlemtmy all Specific Gravity is taken 
?iway (as will be fhewn,) and fo the Cafe is not parallel, and 
{j^ereip^ the Alignment fallacious. 
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The VIS INERTIJE, (asSir^^tfcalled 
U) or the InaSivity of Matter, is that Property of 
it by which it endeavours to continue in its Stiue 
either of Motimox Reft^ or by which it refifts 
the Aftions and Impreflions of all other Bodi^ 
which tend to generate or deftroy Motion there- 
in (VI). 

ATTRACTION is a Property that we 
fipd all Matter endued with in a greater or a 
leffer Degree : By this Property the Particles of 
]^I^er attract each other by a Power which 

(VI) This Power or Force of Matter arifes wholly from its 
SlaggUhnefs or Inaftivity^ and not at all from its Gravity, as 
fome (of no ^all N^e) hare miftakenly conceived of it. 
'iTo, make diis' Matter plain, fiippofe a Body A at reft in die 
]foint Aj, it vjfOQldnocof itfelf move oat of ttiat Point, tmlefi 
by fome external Force imprcfs*d. firfi^ Suppoi^ the Body 
abfolutely light, an4 ;t bf req\ured to move it from A to B» . 
in a certain Time } to this fnd fome Force muft bo applied 
a^ing in the Dire£lion AB, by which, at the End of that 
*rime, the Body will be found in B ; and this Force once im* 
prefs^d will continue in the Body, and in every fuch Particle 
of Time will carry it thrp^ ^ Space equal to AB. Secondfy, 
Sappofe now Gravity begins to a^, and give the Body Mo- 
tion, and that hy the Power of Gravity the Body be carr 
tied from A to D in a Line, paffing thro^ the Earth's Centre, 
in the fame Time as it before moved i^m A to B ; (Iraw B C 
and DC equal and parallel to A D and AB ; and it is evident 
^ all the Effect of Gravity will be oi^ly to caufe the Body 

idurmg that Time^ to defcend through Space equal to 
AD from the Line A B, and fp in the End of tha^ Time 
inftead of being at B it will be in C ; but iince the Point C is 
as far from Das B is from A, it follows, that whether Gravir 
ty ads or not, the fame Space is defcribed in the is^e Time, 
in the Direction A B, and {q the fame Force is required, to^give; 
it the Motion, which therefore has no Relation tp or Depen- 
glance on Gravity ; but arifes folely from the Nature of inactive; 
Matter, and is on that Account everproportioi^alto theNiAm*. 
iier of Parades or Quantity pf Matter in Bodies. 
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caufes them mutually to accede to, or appfoach 
each other. This Tendenqr of one Body to an- 
other is call'dGR a vi tat iok, or, in the Abftraft, 
the Gravity or Weight of Bodies (VII). 

REPULSION fecms to be a Propeitybc- 
ion^ng to the fmall Particles of Matter univerr 
fally ; for they do not more evidently attraS m 
fome Circumftances, than they refel each other in 
others, as will be evident by Experiments, her?- 
afjcef tp be c?fhxbitcd (VIIIj. 

(VII) This Power, or Virtae, was originally commmiicated 
toaUMatterbytheOmiiipoteiiceoftheDeitjry andis noways 
neceflaiy to ks Exiflence ; therefore I i^pidiaid when Sir 
Ifaac fays, he is i^rant of the Caofe ofGntvity, he can on* 
]y mean the particular Manner in which It is exerted (torn 
^ne Body, ^nd in which it a^ upcm another, and not that he 
was ignorant of the Source or Principle of Power whence it 
could oe derived. But as the Kfanner in which it is exerted, 
fo the Means l^ which it is propagated from one Body to 
another, is as yet unknown. To account for die Prppa^tioa 
of this Virtue, as of Light, Cffr. 'tis fuppofed that there is an 
exceeding fine imperceptible Medium or ethereal Spirit, dif- 
fufe^ thro' all the Syfleni, and pervading the Pores pf all Bo* 
dies ; that this M^ium is extremely ehf|ic^ aina that by itt 
^Tremours and Undulations, which are almoft inilantaneous,. 
the Emanations of the 4ttra£Ung Virtue, Light;, {sTc. are wo* 
pagated with an inunenfe Velodcjr, much after the iame 
Mannef as Sounds are conveyed by the nndnlatoiy Motion of 
the Air. By Means of this moft fubtle ^irit, ^tk fuppofed^ 
iikewife, that electric Bodies exert their rower of attradiw 
and repelling light Bodies at greater Diidances i that Light is 
emitted, refledted, refradled, infleded, and heats Bodies t 
that all Senfation is excited, and animal Motion perfbrm'd 
at Will ; namely, by the Vibrations of this Spirit mu- 
tually propagated aloiig the folid Filaments of the Nerves 
frpm the outward Organs of Senfe to the Brain, and from the 
Brain to the Mufcles. 

(VIII) dttraSion and Repuijun differ in no othet Refpe^ than 
^}ib, that the Attrading Virtue in the &tSt Cafe carries Bodies 
toivardi the Attrading Body ; and in (he latter, it (rarries them 
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Of^^Be Prop^ttes of B6&i«.^ 

Tt\z%t a»fe the gener^ Properties of Mattcfi, 
which we rmift reg^ in our Explications cf the 
various l^haenomeni of Nature, in the Senfe we 
have defined them. Thefe are the fevefal DafiL, 
or fiindamental Principles on which the Science of 
Philofophy depends, and which will ea?h of them 
afford an ample Freld both in the fpecutative 
and pralfical Part. We (hall (for the lake of 
Method) begin with the AttraHion of Qodies, 
confider its feveraj Speeies, and pf6V6 fhext Exu 
ftence and the Properties of each by.pjpcri- 
ments. 

.^THViPtwer of AitraSiion^ or Caufe ofCravily^ 
we psfome not to define, or fay what it . is, bur 
only that it is, or does exift ; and the Laws of its 
iVdion we &all endeavour to afli^ by what may 
be dilcover*d by Reafon and Experiment. To 
this End we muit confider, that tfffjr Kind of 
JPower or Virtue ^ proceeding or propagated from a 
Body in Right Lines every way as from a Centre^' 
mmfi decreafe in its Energy or Strength as ibe> 
Squares of the Dijian^es from the Body increafe ; 
for 'tis evident, the Force will be every where 
as the Number of Particles ifliiing from the cen- 
tral Body on a given Space, which Number of 
Particles will decreafe as the Squares of the 
Diftances incre^. Thus ^e Number of Parti- 



frm it. . Li each Cafe, tde P^des are moved in the fame 
Manner among themfelvei^ by the Attraiaing, Elefbic, or 
Magnetic Power* 

cleS 
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cles which at any mu Difi^afue AB/from a Point 
ItitheBodyatA^ fiidlsona Squarclnch BEFG, 
"will he four times m great as the Number which ^^ M'* 
falls on aSquarc Inch CHJK at iwicg that Dt-^' ** 
ftance AC; and nine times as great as die 
Niiimber which ^IhT on the iatd Squaie Bich 
D L'MN at tiref times that Diftance AD ; and 
(oofi^ as is evident from the Diagram. 

Hence, fmce we have no Reafon to doi:A>t but- 
that all Kinds of Atcradion confift in fine imper* 
cepiftrle Pamcles or invifible Effluvia, which pro* 
cecd from every Point in the Surfoce of dieattnift* 
ittg Body, in all r^ht-Bned Wpcftions every, way^ 
which in their Propels lighting on other Bodies ^ 
urge and foUidc them towsods the fupeiior attrad- 
ing Body ; therefore the Force or Ifttenfity of the 
attradting Power in general muft always decretfe as 
the Squffl^ of the Diftances increafe. 

Hence aifo we mayobferve^ by the way, that 
tight and He^t, Odours and Perfumes, which 
confxft of Particles or Effluvia that proceed eve- 
ry Way from luminous, heated, and odoriferoui 
Bodies, as from a Centre, have always dieir 
I^orccs abated according to the above Law. The 
Force of Sounds alfo decreafes in the fame Pro- 
pordon^ fiw^ Reafons that will be heitafter at 
iign'd. 

By virtue of atcmftmg Power, the grand Ma- 
chinery of the Solar Syftem, and doubtlefs of all 
the others in the Univferfe, is effefted, eftablifh- 
«d, and conferved. It is therefore of the greateft 
Q»fequence» to b^ acquainted with the diierent 

Species 
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14 ^e diffe^en} Species 

Specie« of this univciial Powcf or Agent, sttid tb 
learn by Experiments the peculiar Nature, Laws, 
or Manner of Aftion in each. Naturalifts ge- 
nerally reckon Four different Sorts of Attractions 
viz. 

I. The, Attra^ion of Cohesion, which is pc- 
tuliar to the Corpufcles or primigenial Particles of 
Matter, of which larger Bodi» are compoied, by 
the Accretion and firm Adhefion of thofe Parti- 
ieles^ arifing from their ftrong attradtive Power. 

H. The AttraElitm of ELBCTRiciTy, which 
is peculiar to Ibme Kinds of Bodies, as Glais, Am* 
ber. Sealing- Wax, tSc whicli are therefore call'd 
EUStricali 

IIL The Attra^m of Magketism, or of 
the Loadftone, which is peculiar to, and mutual 
between the Loadftone and Iron. 

IV. The Auraffion of Gkayitatios^ vhich 
is obfervable only in the larger G)mpo(itions and 
Syilems of Matter ; as in the Earth and AlboH4 
and the Sun and Planetary Bodies which compofe 
the Solar Syftem. Of each of thefc Species of 
Attradion in Order ; and firft. 

Of the AttraSion of C^hesiok : The Laws 
and Properties of this Attraftion are the follow- 
ing, (i.) It is very dilcemible and moft power- 
ful in Corpufcles, or the fmalleft Particles ef Mat- 
ter. (2.JI It is mutually exerted between thofe 
Particles ; or they mutually attrad, and are at- 
tradlcd by each other. (3.) The Sphere of At- 
tradbion, or Extent of this Power, is greater in 
fomc Particles of Matter than in others, but very 

fmali 
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fmall at the ikmoft : For (4.) This Flower is in- 
ienfible in ioKd Bodies in the leaft fenfible Di-^ 
ftance, afting as it were ohly on Contaft ; and 
therefore, (5.) It muft be nearly propordonal t6 
the Quantity of contiguous Surfaces; or the 
Parts of Bodies cohere moft ftrongly, whofe touch- 
ing Surfaces are largeft. (6.) This Power muft 
decreafe as the Squares of the Diftances inereaie ; 
faecaufe it muft be fuppofed to iflue from each 
Particle in right-lined Dire6Uons. (7.) Where 
riie Sphere of Attraftion ends, there a ReptlUng 
Power be^ns, by which the Pai:ticles, inftead of 
atttaSting^ repel and fly from each other. (8.) By 
this Power the fmall Portions or Drops of a Fluid 
conform themfelves to a fphcrical Figure (IX) 



' (IX) To illuflrate this Matter of Corpuf€u1arAttraaio& and 
Repulfi(m : Let A, B, (in Fig. 9, id, 1 1 , 1 2.) reprefent two Plate I« 
fmall Bodies or Gorpufdes of Matter ; txA their Spheres of 
Attra£lion, (or Extent of their Atti^&mg Power every waj) 
be CDEj and EFG. Then it is evMfcnt, 

1. That the Fdrce with which th6 Bodies attna each otha^ 
will be gfeateft in the Cstfe where they touch each othe^. 

2. If the bodies are df a Spherical Figure (as Fig. 9.) they phie T 
<ian touch but in a fingle Point ; and therdRire the Power * 
with which thc^ flick or cohere together will be the il^i^ 

or weakeftpofliole. 

3. But if the Bodies are bounded by plain Sorfaeei (aa 
Tig, 12.) the Power of Cohefion will be (o much the greater^ 
as the Number of Particles, or Area of the Sur&ce by wldd& 
they touch is larger. 

4« If the Corpufcles A, B, touch not, botare yet wiOiii 
the Sphere of each other's Atti^aion, (as Fig. 10.) th^ will 
then be eafily moveable or voluble about each other, and yield 
lo the leaillmpreffion Of external Force; and this will be the 
Cafe of all Particles, utiiatevet be their Figures or Fonos. 

$. If the Coiptticles A, B, are feparated tofuch a Ditonce 
as Co.be wilhoQC each other's Sphere of Attraftion (as in 

Thb 
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The firil: and fecond of tliefe Profierties aFe 
made mamfefi; by various £xperiment&; as the 
^Klden Uiiion pi two xxDndguoos Drpps of M6rcu*» 
ly. Water, i^c^ The ftrong Adhcfion of two Lea* 
deifi %lls, wtuch tpuch by polifh'd Surfaccs(X) i 



JlrV.44.) then will tfaey fty from, or repel each other, with 
^ f ower that extends to a confiderable Difiance, and is exert- 
ed every way cquaHy from each Particle. 
, 6, If the^e be i^ gieat Number pf thefe Fkuftides thus d^ 
engaged from each other, h^t yet confined within certaift 
Bbaiids, thejr will; by this repnlfive Power, be M tituated at 
t«pia) Bififtnoeffiiiom each other thnn^ the whole Sfvsc, If 
ihe confining P4)wer be on erery Side eqtnd. 

7. Thi^ Power, while iz//>'/7^/<i;^, extends to but verv finaB 
Siftan^s fmm the Corfftrfdea* and then becomes r^tJ/Sm, 
for (bddtly fpeaking, there are no Bodies in Nature which 
repel ab/olutely^ but only at certain Diibnces ; thus xkt Load- 
ftonedoe^ not, at all Difian^Sy fbpel the Needle, bat ody 
at a definite Diflance ; for either Pble will attia^ either End 
of the Needle at a very near Diilance^ or upon Contad, as i$ 
Vilify ^txfttmiaA. 

/ (<X} Thtt A(dhe£p^ of X^eaden BaQs is fo very cpoGderable^ 
that with t#o /(not w^hing above a Pound each, not 
touching vpodi Jnc^e than ^ of a fqqare Inch Surface) I have 
£fted above 1 50 Ih. weijght. In order to this, the Surface 
hy uduch^hey tQuch mnft- be finely planed with the Edge of 
a fhacp Ben4Miife, aond equally pre&*d together with a Confi* 
deroble force, with a ^atle Turn of the Hand at the fame 
Tin^; and thus two coaunon leaden Bullets wiU awLh^re Sq 
txmlf Dogffiher^ astQ requite u^w^rdf of 50/^4 ^ fepaiate 
them. ' . - 

2. In firiiifa'd Snr&ces that ale very hard, asi^iaisi Biafi, 
\^c. k is hnpi^ible to briqg them into (uch dofe Contad m 
po oohere without the Interpofition of Water, or finnething 
humid to fill the Pores by expelling the Ak contain'd thiesein^ 
«rhi^ prevents the Planes comhig^ together whik dry ; the 
JHlmaidi^ an this Cafe proves a Cement which holds ^ Han/et 
i^»geth(er by all its Force of Attraftion on dther Side* 
^ 3. This Force of Attsaftion he^weon die biaft Planes i< 
greater wh^ Oil than with W^ter ; and greater with ai^ Soit 
iof <^reafe or Fat that will harden with CdU than with Oil. I 
nPYi»; yet ^\klAm^t with tw^Men ftrong paoag^jtoifFfM^ 

•^. V .as 
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as alfo of Glafs Planes, and Cryftal Buttons: 
The Afcent of W^ter between Glafs Planes, and 
in Capillary Tubes : The rifing of Water by the 

Planes thus put together, which are but 4 \ Inches Diameter ; 
and therefore they cohere with a Force much fuperior to the 
Force or PrefTure of Air on fuch a Surface, which contains a- 
bout 14 fquare Inches, and allowing 1 5 lb. for PreiTore to eve- 
ry Inch it will amount to but 2 10 lb. which is not near equal 
to the Strength of two Men pulling agaiaft each other to thf 
bei^ Advantage. 

4. ProfeiTor Mufchenhroek has made many Experiments to 
fhew the Force of Coheiion between Planes of various Sab- 
ftances, and about % Inches Diameter, well poHfh'd^ having 
fird heated them in boiling Water, and thenbeimear'd them 
firft with a cold TaDow-C^dle, and afterwards with boiling 
Greafe, and the Weights to feparate them were as in the fol- 
lowing Table : 

Cold Greafe. Hot Greafe, 

Planes of Gkfs •-- 130/^. 300 Ib^ 

ofBrafs — 150 Soo 

of Copper— 200 850 

of Marble ::r_2^5 ^^^ 

of Silver ^ — 150 250 

of Iron — 300 950 

5. Thefe Planes adhere by other Sorts of Matter with 
Forces as in the Table below, where the Weights neceflary ta 
feparate them are fpecified : 

With Water * 12 Ounces. 

, With Oil ; 1 8 Ounces. 

With Fenice Turpentine^— . 24 Ounces. 

With Rofm 1 ^ 850 Pounds. 

With Tallow Candle 800 Pounds. 

With Pitch . ^400 Pounds. 

Though thefe Experiments would not always give the fame 
Numbers, yet they fufficiently fhew the vaflattradive Forces, 
and the very great Difference between them. 

6. After this he gives us an Account of his Experiments 
made to find the Force with which Bodies cohere naturally, 
or what is the abfolute Force of Cohefion in various JBodies, J 
which he eflimates by the Weights required to pull them 
afunder, drawing according to their Length ; this he tried 
firft in Wood, and afterwards in Metal. His Pieces of Wood 
were of a long fquare Form^ of ^hich f^ach Side was ^% of 

C Sides 
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Sides of a Glafs Veflel, and into Tubes of Sand» 
Afhe«, Sugar, Sponge, and all porous Sub- 
ftanccs, 

an Inch, and by Weights fafpended they were drawn afunder^ 
according to the feveral Sorts, as merition'd below : 



Wood of Linden-Tree 

of Alder - 

of Fir — 



of Oak 

of Elm • 
of Beech - 
of Aih. 



1000 /(^. 

1009 

600 
1150 

9JO 
1250 
1250 



7. The Tiyal he made with Metals Was of Weights fuf- 
pended to Wires of each Sort, whofe Diameter was Vo o^a 
Rhinland Inch ; or becaufe the Rhinland Foot is to Ours as 1 39 
to 1 35, the Wire was -1^9^ l*art of an Inch Englijb. The 



Metals and Weights were as follow : 
Of Copper 



tDf yellow Brafs - 

Of Gold I 

bf Silver 

Of Iron i 

Of Tin -^- 

Of tcad^ 



299 \lh. 
360 

370 
4C0 

29 i 



8. 't'hefe Experiments ftiew the tf^/«// /Vrf^ ^C*&^(«r in 
Bodies. That which he calls iMfRelati^veFw-ci is that by which 
any Body reMs the Force of any bther Body ailing upon it in 
aDiredtion perpendicular to its Length ; and this he efUmated 
in the fame Pieces Of Wood as before, by putting one End in- 
to a fquare Hole of >i Metal Piate, and hanging Weights to- 
wards the other End fufEcient tolbreak each Piece of Wood 
at the Hole. Thefe "j^Veights and Diftances from the Hole 
were in his Experiments as follow. 

Diftdnce. Weights. 

■ 9 Inches ; 40 Ounces 



Pir^ 
Oak - 

Elm - 
Pine - 
Alder- 
Beech- 



84 
7 



.48 

•■44 
.36, 
.48 
56 



Such as would fee much more on this Subjc6l, may cdnfult 
^he Author's admirable Efai de Phyftque ; and his Treatife of 
the Cohdipn of Bodies, altogether on the Subje6l.. 

: The 
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The third of thefe Properties is evident by the 
Experiments of Water rifing above the conunon • 
Level, and Mercury's (inldng below it, in Capillary 
Tubes: By the (licking or adhering of Water to 
common Subftances, which by Mercury are left 
dryi 

The fourth and fifth Properties are evmced 
by the Experiments of the different Heights to 
which Fluids alcend between Glais Planes un- 
equally inclined, and in Capillary Tubes of dif- 
ferent Bores : Alfo^ by the accelerated Motion of 
a Drop of Oil between two inclined Planes: And . 
likewifc by the Hyperbolical Curve form'd by the 
Superficies of a Fluid afcending between Glai& 
Planes touching each other on one Side. 

The fixth Property is evident. The feventh 
feems evident between fat and oify Particles of 
Matter^ and thofe of an aqueous Nature: But is 
mofl manifefl from the Elaftic Property of the 
Air, whofe Particles compre&'d together reftorc 
themfelvcs by this repellent Power to their firft 
Sf^te: Alfo by the Afcent of Steam or Vapour 
from humid or fluid Bodies. 

The eighth Property of this Attraftion is 
-manifeft by Drops of Water falling on Duft ; by 
Drops of Dew gathering on the Tops of Grafts 
and laftly, by Quickfilver divided into fmall Por- 
tions, which always form themfelves into perfedfc 
Spherules or Globules (XII). 

i^U) I. In order to account for tbe Phaenomena of Ghfr 
papillaiy Tubes, tfr. it will be neceflary firft to premife, 
p^ there is a greater Attra^on between the Fuddes of 
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From this Account of the Attra£tim ofCobe- 
fion we learn a rational Solution of fevcral very 

Glafs and Water, than there is between the Particles of Wa- 
ter themfelves : \ox if it were not fo, the leaft Quantity or 
Dfop of Water C applied to the under Side of a Glals Tube, 
in a Poiition parallel to the Horizon, as A B, would not ad- 
here to it, but immediately fall down by its Gravity ; but we 
fee that it does not, till iu Bulk and Gravity be fo far increaied 
as to overcome the Attradion of the Glafs, and then it fidls 
off. 

2w Since we find fuch a (brong attra£live Power in the Sur- 
face of Glais, *twill be eafy to conceive how fenfiUy fuch a 
Power muil ^ on the Sur&ce of a Fluid (not vifcid) as Wa- 
ter, contained within the fmall Cavity or Bore of a Glafi 
Tube ; as alfo that it will be in Proportion fh-onger as the 
Diameter of thc^ Bore is fmaller ; for that the EfEcacy of the 
Power follows the inverfe Proportion of the Diameter is evi- 
dent from hence, that only fuch Particles as are in Contaft 
with the Fluids aad thofe imn^ediately above the Surface, can 
afFea ij. • 
' J, Now thofe Particles form a Periphery, or rather a very 
' narrow Anmdus or Ring contiguous to the Surface, the upper 
Part of which attracts and raifes the Surface, and the lower Part, 
. which is in Conta^l with it, fupports and holds it up ; ib that 
: neither the Thicknefs nor Length of the Tube avails any thing, 
only the faid Periphery of Particles, which is always propor- 
tional to the Diameter of the Bore. 

4. The Quantity of the Fluid raifed will therefore be as 
the Surface of the Bore which it fills ; that b, as the Diame- 
ter, fmce the EfFeft would not ly otherwife proportional to 
the Caufe. 

5. Since the Quantities follow the Ratio of the Diameters, 
the Heights to which the Fluid wilT rife in different Tubes 
will be inverfely as the IHameters, which is thus demonficft* 

;ted: . 

/ Q^ , y, reprefent the Quantities of Matter raifed ; 
Let ^ D, d, the Diameters of the Tubes Bores ; 

t H, i', the Heights to which the Fluid rifes in the Tubes. 
Then fmce Q^, f , reprefent the Contents of tu'o Cylinders of 
the Fluid (fuppofe GL and IM) it will be Q^: ^ : DDH : 
ddhy from the Nature of a Cylinder j and from the Nature 
*of this Attradion, it is Q^: ^ I! D : </ (as was joft now 
ftewn;) therefore we have, As D* H : i'^b : : D : ^; and fo 

curious 
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curious and lurprizing Phsenomcna of Nature : 
As why the Parts of Bodie$ adhere and ftick fo 



D* H^= //» Xyh, that is D H = 4b ; confcqacndy, D : i 

I ^ 6. The Velocity with which it begins to rife in the Tube 

:i is exceeding great, but prefently abates, and {o continues by 

i increafmg the Weight of the Fluid that is raifed ; and it will 

i continue to rife till an Equilibrium be made between the Gra* 

vity and the attrading Force of the Glafs. ^ 
Si 7. The PrefTure of the Air neither helps nor hinders the 

id Rife of the Fluids, for the EfFeft is the fame in Vacua as in 

f: the Air. But the more vifcid the Fluid, the Icfs apt it is to 

a rife in the Tube. 

ic 8. The Power by which the Fluid is raifed will keep it in 

fj the Tube for any Time without Exhaling or Evaporation, aa 

j(, I have tried by hanging feveral Capillary Tubes thus charged 

" with their Fluids for feven or eight Months together in the 
g Summer Sun, whofe Heat did not appear to diminiih the Fluids 

in the lead fenfible Degree. 
,P 9 • % ^c fame Power the Water rifes between Glafs Planes, fo 

gi astoformthecelebratedLoGARiTHMETiCALCuRVE, when 

j^ they are fo placed in Water as to touch on one Side, and be fepa- 

j^ rate or opened to a fmall Diftance on the other. Thus fappoie Plate I. 

jj^ A BC D the Surface of Water, in which are placed the two Fig. 14. 

^ Planes fmo and emoy fo as to touch all along the Side ««, 

and yet open on the other Part, fo as to contain a fmall Angle 
^ foe\ then bife<ft nf^ o'd, or^ ob^ in the Points d^ c,h^ ai 

^ then will the Dillances of the Planes in thefe Points be as 

u the Numbers 1, 2, 4, 8, 16, and the Heights to which the 

Water will rife over thefe Points will be inverfely proportional 
- to thofe Numbers ; that is, whatever be the Heigbth at ^ a- 

^ bove the Surface A B, it will have twice that Height at b^ 

u and four Times that Height at /, and fo on. So that the Su- 

perficies of the Water between the Planes will form the Curve 
gy h, i\ ky ly which is the very fame as that ufed in the Con- 
ftrudion of Logarithms, whence it has its Name. 
, I o. If two long Glafs Planes are hrft fmeer'd over with Oil 

and then fet together at their Ends, and inclined to each other 
I' under a very fmall Angle, and a Drop of the Oil fo placed be- 

8 - tween them as to touch both Planes, it will immediately begin 
' to move towards the toach'ng Ends, or Angles of the Planes, 

y and that Motion will be continued with an accelerated Velocity, 

I' by reafoo of the Increaiing Attra&ion of th« Planes, on ac- 
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firmly together; why fomc arc bard^ others y^/jT; 
fomc jKvV, others fluid \ ^me ehfticy others void 

couiit of the decreafing DKbnce between them, and the lar- 
ger Portion of touching Surface on each Side the Drop ; con- 
ceming all which a great deal has beeif wrote to very little Pur- 
pofe. 

II. If Glafs be applic<l to any other Fluid, whofe Particles 
ittradl each other more fbongly than Glafs attra6b them, all 
the Phaenomena of fuch a Fluid in Capillary Tubes, and be- 
tween Glafs Planes, will be juft the Reverfe of thofe now men- 
tion'd of Water. Now Quick-filvcr is fuch a Fluid, and 
therefore it will ftand lower within ft Capillary Tube than 
without ; the Surface convex, and not concave, as in Water j 
and between the Planes it will move a contrary Way, ^c. 

1 2> Bdt if a Bafon or Diih be made of Copper or firafs, and 
'polifh'd well within Side, and then tinnM all oyer. Mercury 
put into fuch a VeiTel will 'every where unite with the Tin,' 
iand may be properly faid to nvet it, as Water does Glafs ; 
and the Mercury, if clean, put into this "Mercurial Bafon^ will 
be attracted and rife all around the Sides, and have the fame 
Phasnomena with Water pat into a wet Glafs, Tranfparency 
only excepted. 

13. Here I think proper to mention an Experiment, with 
which I have often entertain^ myfelf and others, and that is, 
pouring Mercury into the abovemention^d Difh or Bafon formM 
into a true Spherical Figure, and well planifh'd, it leaves the 
Concave Surface fo nicely filver'd, that it makes the moft de- 
lightful Mirrour, and refledb the Light fo perfedlly, as to pro- 
duce the ftrongeft and moft diftinft Image of an Objeft that 
can poffibly be effe6ted by Apt. How far the Nature and Ap- 
blication of Mirrours may be improved by this Method, mufi 
be left to farther and future Experience : And alfo whetTier it 
be not prafticable by this Means to make a very large and 
inoft efFcdual Burning-Glafs, at a very eafy and cheap Rate. 

14. A late French Author (^L'Abbc i^ollet) has thought fit 
to call in queftion the Caufe we have here affign'd for the 
Rife of Fluids in Capillary Tubes, and has almoft fneer'd Dr. 
Jurins learned DifTertations on that Subjedt ; but I fee no- 
thing that could oblige him to do this, from what he has faid 
to explode it ; no Man can be convinced by his ipfe dixit ^ that , 
this is a mere Hypothecs; the Phaenomena fo plainly indicate 
the Caufe to be Attradliort, and agree in every Particular fo 
nicely to the Theory, that 'tis not to be cxpetled we fhould 
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0f awjf tUt^k ^aStyi which all arife from the 
different Figure of the Particles, and the greater 

give it up till we fee better Reafon (or it than this reverend 
father has given us in his prolix DigreiSon on this Sobjed. See 
his Lefons de Phyjique Experimeniale. Tom. II. Pag. 42 1 , Cffr. 

1 5. But though the Attraction of the Glafs is me indubiti* 
fale Caufe of the Afcent of Fluids, yet it muft be allowed that 
the Nature and Genius of the Fluid is to be regarded in moft 
of the Ph^enomena^ which are not propprtion'd to the attrad- 
ing Power of the Glals only, but to the Power conjointly with 
the various Difpoiition of fluids to yield thereto ; nor is the 
Denfity of the Fluid of primary Confideration, it being evident 
by Experiment, that fome lighter Fluids will rife to a leis 
Height than others which are much heavier : Thus Spirit of 
Wine will rife but 4^ Tenths of an Inch in a Tube, where 
Oil of Tartar will rife 9, as in the Table below. Nor does' 
It at all depend on the Vifddity or Tenacity of Parts ; for hard 
white Vaniifh (very thick and vifcid) and Spirit of Wine af- 
cend nearly to the &me Height. I am inclined to think 
from the Experiments which I kive made, that the Afcent of 
Fluids depend greatly upon the Spirit they contain, and th$t 
not on the Quantity of it, but on fome peculiar Adion or 
Difpofition theieof, relative to the attrading Power of the 
Gla&. So from the Table it appears, that Spirituous Liqaan 
rife to a final! Height in general; but Water, which has none, 
to thegreateft ; yet Spirit of Hart Vhom and Spirit of Urine 
rife higher than Ale and Simall-Beer, which contain but a 
fmall Proportion of Spirit. 

16. But to fet this Matter in a clear Lig^t, I have veiy 
carefuUy made the Experiment on the following Fluids, which 
.were each of tbem often repeated, and with the fame Succefi ; 
the Bore of the Tube was about y^ of an Inch in Diameter. 

Altitude. 
Common Spting Water — - 1 2 Tenths x)f an inch. 
Spirit of Urine ■ 11 

Tinfture of Galls — — 1 1 
Recent Urine ' 10 

Spirit of Salt ■ 9 

01. Tar. per Deliquiitm — 9 
Vinegar - 9 J 

Small Beer ■ 9 

Strong Spirit of Nitre — 8 J 
Spirit of Hart's-hom -7- & ^ 

C 4 ox' 
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or lefler Degree of Attradion confequent there- 
upon. Hence the Reafoi^why Flies, walk on the 



Cream 

Skimmed Milk 
Aquafortis 
Red Wine 
White Wine 
Ale 



O/. ^ulph. perCamfanam 

Oil of Vitriol 

Sweet Oil 

Oil of Turpentine — 
Geneva — 

Rum ^ 

Brandy 



Altitude. 

8 Tenths of an Inch. 

8 

7i 

74 

1\ 

7t 

6i 

6 

' 5 
5 
• 5 

4i 
4i 



*^U 



White hard Vsuiiifh 
Spirit of Wine' ■ 
Tindture of Mars — 

17. From other Experiments it appears that Heat and Cold 
are not concem'd in the Alcent of Fluids, the hotteft Water 
flanding at the fame Height as the Cold. Alfo Salts of any 
kind diifolved in Water makes but litde « Alteration in the 
Heights, for when Water has taken up all it can in the Solu- 
tion, it will rife to 10 or 10 4, which fmall Deficiency is ow- 
ing undoubtedly to the increafcd Gravity of the Fluid. 

1 8. There is one Phaenomenon of Capillary Tubes very ex- 
Plate I. traordinary, which is this; if a large bored Tube N P be at 
Fig. 15. one End P drawn out into a fine Capillary as at O, fuch a 

Tube i^YA with Water, and then inverted into a VefTel of 
Water, as A BCD, will retain all the Water fufpended 
through its whole Length, if it does not exceed the Height to 
which a Capillary of the fame Bore, as at O, will attract it. To 
fee the Reafon of this, we mud confider the Motion of a fmall 
Fig. 16. Quantity of Water C D in a tapering Capillary A B in an ho- 
rizontal Pofition. And here we mud aflign two Principles of 
Motion in the Floki C D ; one is the attraJIivg P<ywer of the 
Glafs at C and D, the other is the Felocity of the moving 
Fluid in thefe Places. For the Mcmentum oi any Body, whe- 
ther Solid or Fluid, is always proportioned to the Intenfity of 
the moving Power, and the Velocity of Motion. (As is (hewn 
' Jmotai, XXllI. I. XXXVIII. 7, 8, 9. LXX. 1, 2.) But 
the moving Power« or Attradion at C is to that at D as the 

Surface 
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Surface of the Water, and wet not their Feet. 
On this Principle we account for the Manner how 

Diameter of the Bore at C to the Diameter thereof at D ; 
Or, putting a. A, for the two Attractions in D and C, and 
d^ D, for the Diameten, we have a : A : ; ^: D. 

19. Again, the Velocities (V and i;} of the Water in thofe 
Points are as the Squares of the Diameters inverfely (as will 
be (hewn hereafter j) that is, V : a; : : D D : i/^. Therefore 
Vxa: vxA :: l>^d\4p-Y^\\Ty\i, That is, tbe'wbdi 
Motion of the Water at D is to that at C as the Diameter at 
C to that at'D I confequently the Water nmll move towards thi 
Endo/theTuheB. 

20. Becaufe when the Water moves in the Tube, the Ve* 
locity at D is greater than that at C, and therefore the Spaces 
defcribed in equal Time by the Extremities of the Fluid un- 
equal, it follows that the Water will move from D towards B 
with an accelerated Velocity, the Difference between the Dia- 
meters d and D continually increafing. This likewife (hews 
the Reafon of the accelerated Motion of the Drop of Oil be- 
tween the two inclined Glafs Planes, as mentioned Jrt. lo. 

2 1 . The Motion of the Water once begun at D, will con- P|*^« I- 
tinue till it has with g^eat Rapidity reach'd the End B ; and if F»g' »7* 
then the End B be rais'd above the horizontal Line A F, yet 

will the Water be detained at B, and not defcend, till the per- 
pendicular Altitude B F is equal to the Height to which the 
Water would rife in a CapilLtry of the fame Bore as at B. 

22 Hence alfo if the Tube be held in an upright or per- ^^^^ ^* 
pendicular Pofition, as A B, the Water will not defcend, un- Fig- i^* 
lefs its Weight be fuch as when added to tlie Power ading at 
C towards A, the Sum fhall be greater than the Power aSng 
upwards at B ; which Power ariles from the AttraAion of the 
Tubes, the Velocity of the Fluid, and the Coheiion of its 
Particles j for unlcfs we coniider this Cohefion of the Particles, 
the Weight of the Water, when the Veflel is large, will be 
too great to fufFer a Sufpenfion of the Fluid by the other Forces 
in the Capillary Part. 

23. Nor is this Cohefion of the Parts a Petitio Principii^ 
but what we know by Experiment to be the Caufe of fuch a 
Phaenomenon when nothing elfe can be fo; thus we find the 
Particles in a Drop of Water hang together by Cohefion, till 
the Gravity of the whole draws i: from the Part to which it 
coheres. Without this Cohefion there could be formM no Drop 
at all. 

24. Hence likewifi? k is, that a Column of Mercury well 

PJant^i 
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Plants imbibe the nutritive Juices or MdAure 
of the Eartli by the Fibres of the Roots: AUb 
fqr the Rife of the Sap in Vegetables, and for 
the whole Oeconomy of Vegetation in general. 
Hence the Rationale of the various Secretions of 
Fluids by the Glands of an Animal Body, and 
their wonderful Circulation through the fine Ca- 
pillary Veffels. Hence alfo the Reafon of Sol- 
dering and Gilding of Metals ; alfo of Melting 
or Fufion by Heat. Hence alfo the Exhalation 
of Vapours by die Heat of the Sun or Fire ; the 
Aggregation of aqueous Particles in the Air, 
iforming the Drops of Rain. We hence fee the 
Reafon of Diftillation, Filtration, Diffolution, 
Digeftion, Sublimation, Precipitation, Cryftalli- 
zation, and all the other Operations of Chemiftry 
and Pharmacy, which are no otherways to be 
accounted for. Laftly, we find Sir J/aac New- 
ion (at the End of his Optics) gives a beau- 
tiful and tlear Solution to thofe wondrous Ph^qe- 
nomena of fubterranean Acceniions and Explo- 

•purged of Air, will be fufpendcd by Cohefion to the Height 
of 70 or 75 Inches, when the Air alone will fuftain it to no 
greater Altitude than that of 3 1 Inches at moft. Dr. j^jtrim 
fuppofes the Preffure of an elaftic fubtile Medium (which can 
penetrate the Pores of Glafs and Water) to have fome Part in 
producing this very odd Phaenoraenon. But if all we can 
learn from Experience be thought infiifficient, I ihall Icav^ 
the Reader to amufe himfclf with wliat Conjedlure he fhall 
think fit ; afluring him in the laft Place, that this wonderful 
N Sufpenfion of the Fluid in ever fo large a Glafs, as A C, whofe 

Top terminates in the Capillary B, is not owing to the Pref- 
fure of the Air, becaufe the fame thing will happen in an ex* 
haulled Receiver, as I always fhew among the Experiments 

of the Alr-Pump. See Fig. 19. Plate I. 

• " " • 

fions ; 
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fions; of Volcano's and Earthquakes; of Hot 
Springs, Damps, and fuffbcating Exhalations in 
Mines, 6?^. on the Principles of this Sort of At- 
tradion and Repulfion (XIII). 

(XIII) I . The Rationale of the feveral important Pardcolan 
here mentioned will eafily appear from the precedmg Princi* 
pies or Properties of Matter. Thus Hardness of Bodies 
- arif^^om fuch Figures of the Particles of Matter as permit 
them to touch by large Surfaces, and thus to have a great 
Power of Attraction ; and at the fame Time, fo to fit and fall 
in with each other, that they prevent any Motion enfuing a- 
mong themfelves by any external Preflure ; whereas in ano- 
ther Sort of Figure, the Particles may be admitted to touch by 
pi;etty large Surfaces, yet fuch 'as sot confining each other, 
will permit the Motion impref$*d on the external Parts to pro- 
ceed among the interior, Particles, which will thus eafily move - 
among themfelves, and make what we call Softnefs in Bodies. 

2. Fixity is much the iame as Haidneis, and owing to 
the f^e Caufe, and is oppoied to Flu i d i t r , which may in 
fome Senfe be efteemM the greateft Degree of Softnefs, be- 
caufe a fluid Body yields to the leaft PrefTure, and therefore the 
attractive Power, by which the Particles of a Fluid cohere, • 
muil be the leaft pofiible ; but this refults from fuch a Figure 
as admits of the feweil Points of Contact pofiible, that is, a 
Spherical Figure. And hence 'tis evident that Bodies are mote 
or lefs fluid as their Parts approach more or lefs to a globular 
Pigure. All which follows from Annotate III. 2. 

3. Elasticity in Solids arifes from the fame Principle of 
jcorpufcular Attraction ; thus if a S^eel Spring, or Wire, or 

Piece of very thin Glafs, be bent out of its natural Pofitioo, 
the Particles on the convex Part are forced from that ultimate 
CoQtaCl they before had ; and on the concave Part they are 
forced nearer together, or harder upon each other, than in 
the natural State ;' in both Cafes there will be a confiderable 
Refiflance to be overcome, and require a fuperior Force. Dur- 
ing this State of the Particles they may be faid to be under a 
Sort of Teniion on one Side, and Compreffion on the other ; 
and fince by this Force they are not drawn out of each other's 
Attraction, as foon as the Force is remitted or ceafes to aCl, 
the attractive Power reduces the Particles, and unbends the 
Wire by refloring it to its natural State and Site. Now *tis 
well known that many Subfbnces are compofed of fuch fibrous 
Parts or Filaments, which refcmblc fine Wire, and are in- 

Th£ 
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terwoven and difpofed in fuch a Manner (as in Sponge for in- 
• fiance) that they cannot be comprefs'd withoyt being bent or 
wrefled from their natural Pofition, whence all fuch Bodies 
will in fuch a Cafe exert a Force or Sprmg, and thus prove 
ehfiic. This Theory may be applied to Bodies of a dofcr 
Texture, as G?r/, IVood^ Ivory ^ Glafs^ &c. And fuch Mat- 
ter as wants this Texture and Difpofition of Parts, will not ex- 
ert fuch a Spring or Force, but take the Figure arifing from 
the imprefs'd Force, and thus prove what we call Ifon-EIetftic 
Bo£es, 

4. Soldering is another notable EfFedl of this cohefive 
^ Power ; for when the Sur&ces of two Pieces of Metal arc 

made clean, or freed from all intervening Matter befides the 
Solder, the Solder being then fluxV, its Particles will freely 
enter the Pores, Or come into Contad with thofe of the po- 
lifh'd Surfaces of Metal, and by that Means adhere firmly 
to each, and therefore when the melted Solder becomes cold 
J and fix'd, it hcftds the Surfaces exceeding faft together, in the 
Nature of a Glue or Cement, whidi are all of the fame 
kind, but differ in the Degree of the cohefive or attra^Hng 
Power of the Parts. 

5. Me LT I N G or Fu s I o N of fixed Bodies depends upon the 
fame Theory ; for when the Particles of a fixed Body are fepa- 
rated by the A6lion of Heat fo far as not to touch, or but very 
flightly, yet not fa far as to be out of each other's Attradlion, 
they then will eafily move by each other, and put on all the 
Appearances of a fluid Body, (as plainly follows, from Ah* 
notat, X. 4j) 

6. Evaporation proceeds likewife from hence, that 
when the Particles are fo far feparated by Heat as to be with- 
out each other's Attradlion, they then begin to repel each o- 
ther, and thus will fcem to rife from the Surface of the Fluid 
in Form of a Vapour, Or Body of Particles, which are at 
equal Diftances from each other ; and becoming thus fpecifi- 
cally lighter than the fame Bulk of airy Particles, they^ will 
rife in the fluid Body of Air till they come to that Part of it 
which has the fame Gravity, and they will there make what 
we call Clouds, which will move this Way or that, accord- 
ing to the Current of Air in thofe Regions. Sec Amwt. X. 5,6. 

i 7. The Vapours thus raifed become the Original Matter 

of all Meteors, one Degree of Cold condenfmg them into 
larger Globules, which fall in Drops of Ra in j a greater De- 
gree producing a Fixednefs or Coagulation of the Particles, 
which ihoot like Salts into various curious Form?, and make 
the Fle,'^h of Snow ; a third and flill greater Degree of Cold 
congeals the Vapours into a harder Subitance, greatly varie- 
gated 
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gated in Fonn and Confiftence, and thus produces Hail* 
If the Cold condenfes the Vapour fo that it can*t rife high 
above the Surface of the Earth, it will there hover about, and 
£11 the lower Air with an obfcaring Foe or Mist : Or, if 
the Cold be more intenfe, it freezes the Mift to every Twig 
and Blade of Grafs in form of a white lacrufUtion, which we 
call a Rime. If the Air be warm, fo thatthe Vapour there- 
in be eoo fine to be vifible in the Day-time, it will yet be con- 
denfed by theCoolnefs of the Evenmg fo far as'to defcend, and 
fettle upon the Top* of Grafs in the Form of Db w : But, 
laftly, if the Evenings of fuch a fine Day be cold enough to 
freeze, then inilead of a Dew there will appear a Whits 
F«.o s T all over the Sdrface of the Ground. 

8. The Capillary Syphon is a mod curieus F^^rw- 
ffienorij arifing from the fame Principle ; for the Water being 
raifed to the Flexure or bended Part, by the attrading Force 
of the fhorter Leg immerfed into it, the fame Force conti- 
nuing to ad carries it even into the longer Leg, and there 
confpiring with the Force of Gravity, the Water precipitately 

. defcends an^ drives the Air before it, and thus would keep 
running, or dropping out till all the Water were exhaufled to 
the Orifice of the immerfed Leg, if the Operation were to 
be continued long enough. 

9. The Filter is to be confider'd as nothing more thaa 
a CmpQund Capillary Sypboni for the Threads or Filaments 
of which it confifls, lying very near together, make long and 
(lender Vacuities or InteriHces which reprefent fo many Ca- 
j)illary Syphons, which attrad, raife, and decant of the Fluid 
in a con£derable Quantity, proportional to their Number or 
the Largenels of the F/7/^. 

10. After the fame Manner it is, undoubtedly, that the Hu- 
midity of the Earth is drawn into the Subdance of the Roott 
of Plants and Vegetables, which we know CQnfift of long and 
very minute Fibres fo difpofed as to form an infinite Num- 
ber of tubular Interilices, which ad in the Nature of a Fil- 
ter, and imbibe the Juices and Moiflure deilm*d for the Nu- 
trunent and .Growth of the Plant. 

1 1. Thus alfo it is reafonable to fuppofi: the fine Expan- 
fion or Ramification of the La6leal^ the Lymphatic, and San- 
guiferous Veffels thro' all the Subftance of the Glandrzad Fif- 
cera in the fined Capillary Tubes, does greatly aiiiil, if not 
wholly promote, the Circulation of the Blood and Juices, in 
order to the various Secretions of each refpedive Gland; an 
Effect too great for the Puliive Force of the Heart, or larger 
Vefieb, when thus fo infinitely and minutely divided, wer^ 
it not to be rejoin'd by the ftrong Attraction of thofe Capil- 
lary Par©. 12. By 
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12. By this Means it is that Tallow and Oil rife into tlie 
Wicks of Candles and Lamps: That Sponge fo readily fiKjki 

' up and retains fo great a Quantity of a Floid: That Xubcs 
of AAies or Sand will thos laSe Water to the Height of lefe- 
lal Feet. 'Tis by this Virtue that the Pen retains Ink, and 
the Paper draws it forth in Writing; or refofes to adnut it^ 
if oil'd, by the Repelkncy of the Particles of (XI. 

13. By this Power fix'd Bodies are diflbhred by' proper 
Medyims; as Sugar and all Kinds of Salts by Water ; Sihver^ 
Coffer^ ^in^ 8cc. by Jfua-Fortis; Gold by Jpta-Regtai and 
other Bodies in other Menftraams. The Reafon is, that 
when the Particles of the Solid and Fluid attra£l one anotlier 
more ftrongly, than either thofe of the Solid or thofc of the 
l^uid attract >each other feparately, then a Separation of the 
Jkrts or Dijo/ution mufl enfue. For fince, for Inftanoe, if a 
Article of the Fluid be attraded with a grater Force than 
«^ contiguous Particle of the Solid, that Fluid P^utide will 
Tufh upon the other with fo great an Impetus, as infiaatfy to 
4ifplace it, and feparate it from the Solid PSurdde to which it 
^fore adhered with a weaker Force ; and thus we are to con* 

, ceive of every other Particle^ till the Whole be diflblved^ ' 

«yhich 'Will then end when .each Fluid Particle has fill*d iia 
Sphere of Attraction with thofe of the Solid; and the Fluid 
is then faid to he/aturafed^ and will diflblve no more. 

14. Prbcipitation likewife is a Confequence horn the 
lame Principle ; for if to the Solution of any Solid fome o- 
ther Solid or Fluid Body he added, whofe P^utides areattrafted 
by the Fluid with a greater Force than thofe of the diflblvcd 
Solid, then ^U the fonner take Place of the latter, which, 
being difengaged, will fall to the Bottom and fettle in Form 
of aveiy fine Powder; thus is Silver precipitated by Cop- 
per, which the Aqua-Fortis attrads more powerfully thaii 
Silver. Thus a Solution of Copper is again precipitated 
by Iroif, and other Solutions have their re/pe^ive Predpi- 
tants. 

15. Fermentation is alfo an Effed of the fiune Cauie, 
inafinuch as it confifts in the internal Agitation and Commo- 
tion of the Parts of the fermenting Body, arifing from tliejr 
mutual A^ion[and Attraction fo often mentioned. By th» 
means Bodies are either wholly diflblvM, as baibeen (aid; 
or have their Parts fo hx altered and compounded with other 
Matter, that they feem to change their Natures, and acquim 
quite new Properties and Frindples. Thus Malt by Fenoeil- 
tation yidds a Spirit by Diftillation, tho' nothing Hke it he- 
fore ; not to mention Patrefa£tion« and the msmy notably Phse* 

■^ Bomena thence airifing. 

16. The 
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'16. TheHEAT, Ebullition, and Explosion of fan- 
dry Mmare^ arc owing to the violent Aftion and great Rapi- 
dity of Motion among the conftitnetit Particles j for all Heat 
and Accenfion proceeds from an Attrition or Rubbing 6f the 
Particles of Matter one among another. Thus Jqua-Fortit 
and the Particles of Copper ad fo violendy on each other a$ 
to caufe a great Efiervefcence and Heat; and Steel-Filings 
prodoce'aBlaftorExplofioninftantly. Again Oil of Caraway- 
Setd, pour'd on compound S^h-it of Nitre, kindles to Plasoe 
wkh fuch prodigious Force, that in F^cuo it has Mown up 
and burft an exhaufted Receiver fix Inches wide and eiglMt 
Inches dctep. 

17. In accounting lor Thunder and Lightning we 
have recomfe to the fame Mnciples, that is, a Fermentation 
between die fulj^ureoos Steams exhaled from the Earth, and 
the Nitmus Acids or Sak in the Air, which take Fire, and 
canfe Exploiions in the fame Manner as in the Experimenti 
jaft mentioned. And itiibmefuch Manner allother^SiRryil^r* 
teors are produced. 

1^ . Aifo that Burning-Mountains, Mineral Coronations and 
Suffbcating Damps, Earthquakes, Hot Springs, &r. are pro- 
duced by the intefline Commotion arifing from the Miioure 
of divers Kitto-acid 'and Sulphureous Matters in the Bowels 
of the Earth, is evident from a common and eafy Experi- 
ment, which is by taking equal Parts of Snlphii'r and Steel- 
Filings, and working them together, with a little Water, ta 
the Confiftdnce of a Fafb ; t9i^ putting it under Ground, it 
will prefendy begin to heat, and in a few Hoars take Flame 
and blow up the- Earth about it with a confiderable Shock, 
fo as to reprefent an ESuthquake, and a Sort of Volcano ia 
Itfiniature. 

. 19. That Metals difiblved in Fluids difRife themfelves e. 
quaHy thro^ all the Subfbnce, and keep m equal Difiance 
toiong tliemfehres, fbems owing to a repdfive Yirtoe. AUa 
the RefieSion and Infie&im of the Rays of light from Bo- 
dies before they come to touch them as alfo the Emiffion 
of Light in luminous Bodies, feem effected by fuch a repol- 
five Pow<ir; which (as has beeniaid) commences where the 
S^hfere of Attradion ends. 

20. The Spherical Figure, which t3ie Drops of a Fluid af- 
•fcft being left to diemfeiyes, is another Confeqnence of Cor- 
. pufcular AttrafHon; for codidering one fingle Partidc of the 
Fluid, its attraftive Force being every Way equally exerted 
XXi an equal Diftance, it mnft follow that other Fluid Particles 
Are* on every Side drawn to it, and will therefore take their 
Places -at an equal Pifiancc fium it, and cox^equently form a 

fpherical 
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fpherical or perfe^ly round Superficies; in like Manner as th 
Eaith and Sea afFed a fpheriod Figure from the central Ar 
tradUon being every way equally direded. 

2 1 « The furprifiDg Phxnomena of Glafs Drops (fomedncs 
caird Prince Rupert^ s Drops) are moil probably fuppofed to 
arife from hence, 'vix. That while the Glafs is in Fuiioa or 
melted State, the Particles are in a State of Repuliipn ; bot 
being droppM into cold Water, it fo condenfes the Particles ii 
the external Parts or Superficies, that they are thereby re- 
duced within each other's Attrat^lion, and by that means fbnn 
a Sort of. hard Cafe which keeps confin'd the aforeiaid Par- 
ticles in a repulfive State ; but when this Cafe is broke by 
breaking off the Tail of the Drop, ^e (aid confined Particles 
liave then liberty to exert their Force, which they do by 
burlling the Body of the Drop, and redudng it to a very pe- 
culiar l^'onn of Powder. This Theory feems to be corro- 
.borated by making the Drop red hot, and letting it cool gently 
in the open Air, for then it has no fuch EiFed. Yet ano- 
ther Experiment feems to impugn thb Hypothefis; and that 
is, by grinding away any Part of the Drop on a Grind-ftone, 
the remaining Part continues entire; and yet there appean 
no manifeft Keafon why it fhould not break or burfl into 
Duil, if the internal Particles be the Caufe of it» iinoe by 
, this Means they n^uH needs be fet at Liberty in the mxA 
ample Manner poilible : Unlefs it be, that in Grinding, the 
Vacuities between the iiitemal Particles are fill'd up with th* 
Matter of the Stone forced in by the hard Attrition, and by 
this means, fixing the Particles of the Glafs next the Stone, 
and thus deflroying their repuliive Force, conftituting, as it 
were, another Sort of hard external Cafe which conEues the 
Particles no lefs than the other. And this feems to be con- 
firmed by that .Part which touched the Stone remaining en- 
tire, when all the reH of fk m Stom is reduced to Duft by 
breaking ofiF tlie Tail or (mall Part, as any one will find to 
be the Cafe on Trial. 

Scholium. 

By this wonderful and moft extenflve Power of Corpufcu- 
lar AttroQion and Refulfion^ we account for moil or all the 
Phsenomena of Nature, arifing from the heterogeneous NGx- 
ture and various AlTociations of Particles of different Bodies ; 
but why, in fome Cafes, thofe Particles ihould readily attrad, 
and in others as (bangely repel each other, there has as yet 
been no demonfb^tive Reafon aiTign^d. The Hypothefis of 
a Polarity^ or Magnetic Pp<tjuer^ in every Particle of Mat- 
ter, by which they are difpofed on one Part to attrad^ mxi 
on the the other to repel, in the Manner of .the X<oad-^one, 
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Thb Second Sfecies 1/ AttraSion is due df 
El£ctrical B0DIB8, as Glafs^ Amkff^ Sealag^ 
Wm^ JeU &c. the principal Properties <^ which 
are as follow, (i,) Thofe Bodies attraft' others 
which ztt very lights as Feathers, Hairs, Leaf- 
Brais, &r. (2.) The Sphere or Extent qf tUi 
attrading Fbwer is at the Diftance of Icveral 
Feet; but, (3.). It varies with the State of the 
Weather, being greateft in hot and dry Weather, 
but weaker in warm and moift. (4.) It may be 
communicated to a great Diftance, viz. &ven or 
eight hundred Yards, by the Intervention of a 
proper Body, as Hempen Strings, &f. (5.) This 
Virtue is excited by Attrition, or hard Rubbing 
by flie Hand or with a Piece of Cloth, but wiH 
not be produced by thfc Warmth of Fire. (6 J It 
penetrates or pervades the Pores of Glais; and, 
(7.) It may be communicated to other Bodies, & 
as to ren4er them eledricaL (8:) If the Sphere 
of AttmAbn be interrupted on any Part, it de- 
ftroys the Efficacy 6f the Whole. (9.) By tUs 
Virtue Bodies are iM)t only attafted, but alio re« 
pelled alternately to a very fenfible Diftance, ai^d 
with a Airprifing Velocity, (loO The Body 
oneerepelKd frpm the Tube will not be again 

h at fgtAm » h 11 jngBBioiui but fince die N^voinUm Pbp- 
hffbj^ m ftmdqncntal Mncqples eipcdaQ/, is fiianded ea- 
tuciy <m the Bufit of experimental Proof, or Demonftiatioii 
tnm Geometry, we iMf^ to be caiefbl how we introduce 
any Coigefture for Tmdi, nnlefi all Circumflaaoet amdncle 
wA uige tiie iame» wUtt I believe is not tbe Ckfe of that 
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attrad^ed by it, till it has firft touchM fortie other 
Body, (^11.) Bodies attragfed, and fticking to 
the Tube, will be thenattr^ed by other B^kTics 
.not eledrical; as the Fifi^er^-fefr. (12.) Thii 
Virtue wHl exert itfelf ^ V4€U^ as well as in o- 
--pen Air. (13.)' It appears %tid, and iparkles 
like Fire, in a dark Roorflv (14.;) It is alfo fch- 
4U)le to the Ear by a crackRrtg ^Jbifc, like a green 
Leaf in the Fire (XIV). - 

(XIV). v To tlie Propertiea of Elgflrical Bodies, fcerr 
enumerated, we 1^11 add the following.---This Qaality is of 
*\vo Sorts, «!;/«.'( I.) Vitrems Ele^Hcity^ or that which belongs 
to Gla/si luid (2.) Refimus Elt^idty^ or that which belongs 
to Anier^ Rofift, ff^^x, Gums^ and fuch like Subftances.^ Thi^ 
are different Kinds, becaufe their Effc6U are contrary; for 
Hhe light Bodies repeird bj otm ^Ul be attracted by die;o- 
ther, dio* excited, which, canno^ happen when both Bodies 
have the fame attraftive Power. ' 

. 2. All Vegetable Sabfknces differ from Animal ones m this 
jefpeft alfo j for an Hempen or Fhucen Thread or String wiB 
receive the Ele^ricity of Glafs, aijd carry it inftantane9ofty 
to an incredible Diftance, to fome hcjn^'elearic Bodyi'but will 
jnot impart it toa Silk or Hair i^ne.by wiicKit is fidlAidedw 
This is the Reafon why feveral Men (landing qn Cakes, of 
Rofin or W£x (which will not receive die rifreous Ele^riatyl 
.convey that Virtue from one to tbe:OthBr in a moil fiicptnt- 
ing Manner. Thus aJfo it is that a Feather fufpended by? 
Flaxen Thread will be altematerv,' ait^ded and repell'd, bik 
-* if hung by a Silken String wilbnotbe again attmdled^. 

ter it is once rcpelPd; and -li^V/r fvp-M wiX rc&ett ta An^ 
berorSeaKng-Wax. * -^•'*'\- "*: -r-. 

3. Hitherto we have not difcover'd the Ufes of this 
WpndrQusQa^lity.i but Mn Grav, juftrbrforc he died,- hit 
upon an Experiment of this Kind, which feem'd to indicate 
that the Attra'aive Pbwer, which regulates theMotions of the 
Heavenly Bodies, is of the Elcftric Kind. The Experiment 
was thus; he iix'd a large round Iron Ball upon the Middle 
of a large Gake of Rofia and Wa(x, ajjd exciting the Virile 
• fhongly in the Ckkc, a fine Feather ftfjiended by a Thread 
?nd held near the Iron BaU, was carried round it by t^e Ef- 

The 



Of the AttraBion of Magnetism. 35 

The 72vri Species of AitraSlioH is that of the 
Magnet, or Loadstone; the primary Pro- ^ 
perties whereof are the following. (1.) Every 
Loadftone has two Points call'd Poles^ which 
emit the Magnetic Virtue. (2.) One of thofc 
Poles attradts, the other repels IrcHj but no other 
Body. (3 . ) This Virtue is communicated to Iron 
very copioufly by the Touch, which renders it 
ftrongly Magnetic. (4.) A Piece of Iron fo 
touch'd by the Loadftone, and nicely fu^nded 
on a fliarp Point, will be determined to fctde it- 
lelf in a Dircftion nearly North and South. (5.) 
The End of the Needle touched by the South 
Pole of the Stone will point Northwards \ and 
the contrary. (6.) Needles touch'd by the Stone 
will dip below the Horizon, or be diredled on 
the touch*d Part to a Point 'within the Earth's 
abrface. This is called the D/>/>/»^ iV^A&. (7.) 
This Virtue is alfo ^o be communicated to Iron, 
by a ftrong Attrition all one way ; whence Files, 
^Drills, tSc, are ah^ays found to be Magnetical. 
(8.) Iron Rods or Bars acquire a Magnetic Vir- 
tue by (landing long in one Pofition. (9.) Fire 
totally deftroys this Virtue by making the Stone 
pr Iron red hot. (10.) This Power is exerted 
fenfibly to the Diftance of feveral Feet, (i i.) I^ 
is fenfibly continued through the Subftancd%)f 
feveral contiguous Bodies or Pieces of Iron, as 

llavia in a circular Maimer^ and performed feveral Revolations ; 
it moved the fame Way with thePlanets, from Weft to Eail, 
and its Motion (like thein) was not quite circular bat a little 
^fticai. See the whole Account in Plnlof, Tram/. N<'.444. 
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KejSy &c. (i2.) It pervades the Pores of the 
hardcft Bodies-, and (13.) Equally attraftl the 
Iron in Vacuo^ as in open Aft (XV.) 

(XV.) I. To4ieabovePropert!^of (he LoodflonelftidlmU 
the following, viz. That Mh fame P^le of the StmenAdU coMtmu^ 
meats to a Pita of Iron the Power ofattraBing or repelling the 
fimn End of a touch* i Needk^ h draiwing it different fVetjff 
thereon. Or thus. If a P^ce of Iron be drawn to the Right 
Hand and attrads, it will repd if drawn to the Left, which 
Is not a little wonderfhl. 

a. I have oftentimes^ by a fmart Stroke of a Haauner on 
die untottchM End of the Dipping Needle, caufed the Mag- 
netic Virtue to come all to tlua End firom the other, fo as 
|o make It dip on that Side as much as it did on the other 
Side before: And on the contrary, t have by fuch a Stroke 
fometimes made it dip much more on the tooch*d Enci than 
iMbre. Again, fometimes by ftfikkigk, the Needle^ which 
dipp'd before, will be reflpr^d to its Equilibrium, as if the 
Virtue had made its Efcape, or were uniformly diffbs'd over 
all the Needle. So capridois are the Pha»omena of this 
amazing Power. . - 

3. I'here is a very curious Method of rendering viflble die 

t>iredions which the Magnetic E^via take in going out %i 

.Plate II. the Scone: Thus let AB» CD« be (he Poles of the Stone; 

Fig. p • about every Side gently fh-ew fome Steel-Filings on at Sheet of 

white Papery theie ^mall Particles- will be affected by the Efl 

fiuvia of the Stone, aqd fo potted as. to fhew the Courfe ani 

Dire^on of the Magnetic Panicles on every. Part. Thos^ 

in the Middle of each Pole between AB, and DC, it ap* 

pean to go nearly ftrak on ; towards the Sides it proceeds ia 

• Lines more and more carved, till at kfl the Curve-Lines 

from both Poles exadly meeting and comdding, form num« 

berlefs Cwves on each Side, nearly of a circular Figoie, as 

vepreicBted in the Diagram. This feems to ihew thstt tfaie 

Mwnetic Virtue emitted from one Pole circulates to and en« 

tOTthe other. 

4^ The Caufe of the Variation of the Needle has re* 
mainM hitherto without any demonfbrative Difcovery; yec 
iince jts Declination, and Inclination, (or Dipping) do botl| 
of them manifelUy indicate the Cau4 to be fomewhere rn the 
Eanh, it has given Occafion to Philofophers to frame Hy« 
pothefes for a Solution, which make the Earth a large ani 
general MagnH or Loadtone^ of which ail the lefler onea 

Thjese, 
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These, and many others are the Properties of 
a Body, not more wonderful than ufeful to Man* 

kind. 

aie but fo auuiy Parts or Fragments, and, beii^ pofle&M of 
tbeisune Viitaie, will, when kft to marefredy, iuve the 
&me Difpofitioo, and Simiiarity oi Pofition, and other Cir- 
cumffauiceB. 

5. The mofi confiderabfe of thefe HypotheTei b that of 
the late laj^cioos Dr. Hall^, which is this; ""The Glht of 
ihi Earth is Mr great Magna, having fowr Magutical Pout 
or Points of JttraBion, near tach PoU of the Equator tnuo ; 
and tifat ht thofs Paris rf th^ World nulncb lie near a^acemt to 
«Kf one of tbofe Magnotical Pcles, the NeedL ii 'hiejj governed 
iierefyp the nearefi Pole being ak^iofs prcdwrnrnt over the moro 
remote one. Of the Norta Poles, that which is neareft to 
IIS, he fiippofes to be in the Meridian of the Land's End, 
and about feven Degiees from the North Pole of the Worlds 
which governs the Variations in Etmfe, Tartarj, and the 
Korth Sea ; the odier he places in a Meridian p£ng thro* 
CaMforma about fifteen D^ees from the North Pole of the 
World, which fpi^cvas the Needle in North Jasenca, and 
the Oceans on either Side. In like Manner he accounts for 
the Variations in the Southern Uemifphere. See Phihf Tramf 
W. 148. 

6. The Variation of the Needle fiom the North and South 
Points of the Horizon not being the famr , but variable in 
difierent Years and in a diverfe Manner in different Pares of 
the Earth, made the DoSor farther conjedbire, that two of 
the Magnetic Poles were fix^d, and two moveable; and in 
order to make this out, he fuppofes the >pcternal P^t of the 
Earth to be a Shell or Cortex, containing within it a Mag* 
netic moveable Nucleus, of a globular Form„ wbofe Centre 
of Gravity is the fame with that of the Earth, and moveable 
about the fame Axis. ' 

7. Npw if the Motions of both the Shell lind the Nmclens 
were the fame, the Poles of each would always have the 
iame Pofition to each other ; but he fuppofes tne IV^ocion of 
the Nucleus to be a very fmall Matter lefs than that of the 
Shell, which yet is fcarce fenfible in 365 Revolutions; and 
if {b, the Magpedc Poles of the Nucleus will by (low Degrees 
change their Difbnce from the Magnetic Poles of the bhell^ 
and thus caufe a Variation in that Needle's Variation, which 
IS governed by the moveable Pole of the Nucleus ; while that 
Variation which sefpeds the fix'd Poles of the Magnetic Shell 
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femains more confbmt ; as in Hu^vr^t Bay the Change tt not 
obferved to be near fo faft as in thefe Parts of Europe. 

8. What feems a little ibrange is, that the DoSor has no 
where, that I know of» undertook to account for the Dip- 
ping of the Needle by this Hypothefis; tho^ the Invention of 
this (by Mr. Blagrofve) was before that of the Change of the 
Needle's' Variation (by Mr GeMfrand)\ nor do I fee at pre- 
fent which way this Phsnomenon is explicable by it. But 
we have not yet fp many accurate Obfervations of the 
Needle's Inclination as we have of its Variation, which is its 
only ufeful Property. By feveral Experiments Mr. G«s- 
ham has very * accurately made it appear, that the Qoan* 
tity of the Needle's Inclination to the horizontal Line wat 
an Angle of about 74 or 75 Degrees : That is, fuppofis 
Plate I. AB a touch'd Needle, fupported on the Point C of the Pin 
figi 20. CD, it will cwitain an Angle ACH or BCO with the hori- 
zcntal Line HO of 74 or 7c Degrees* 

o. The Variation of the Needle has within a Century paft 
nnoergone a remarkable Alteration; for at London it was ob- 
ferv'd by Mr. Burrcwi fa the Years 1580 to be II^ 15'. 
Eaftj that is, if N, S rcprefent the North and South Points 
Plate II. of the Horizon, and E, W, the Eaft and Weft Points, the 
Fig. 2. Needle then had the Situation AB,' fo that the Arch NB 
z=z II**. 15/. After that, in the Year 1622, it was ob- 
ferv'd by Mr. Gmter to be but 6^ Eaftr. In the Year 1634 
Mr. Geliibrand obferved it to be 4**. 5'. Eaft. In 1657, it 
was obfervM by Mr. Bond to be nothing at all, that is, the 
Needle placed itfelf then in the Situation SN, and pointed 
dircdlly to the North. After this, in the Year 1672, Dr, 
Halhy obferv'd it to be 2**. 30'. Weftward ; and again in the 
Year 1692, he found it 6®. Weft. Since then, in the Year 
1 722, Mr. Grahaniy by moft accurate Experiments, found it to 
be 14^. 13^ And at prefent it is between 15 and 16 De- 
grees; and in fome Places I have found it 18 Degrees Weft- 
ward. 

iQ. The Variation of the Declination and Inclination of 
the Needle is variable and fubjedl to no regular Computation. 
What,the Quantity of both Sorts of Variation is in the feveral 
Parts of theWorld, will be fhewn in Dr. HaUff% Map of the 
World, improved from the Obfervations of Mr. Pm^i/, which 
is inferted at the End of the Ledure on Wind and Sound. 
1 1 . I think the Law of Magnetic Attra£Uon is not yet af« 
^ certain'd ; Sir Ifaac Newton fuppofes it to decreafe nearly isC , 
the Triplicate Ratio of the Diftonce: But Dr. Heljham^ trying 
the Experiment with his Loadftone, found it to be as the 
S^arti of the Diftances inverfely. And the Power of my 

Load- 
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Loidftone decr«afe» in a different Mtmier fiom either. It be- 
ing in the Sefquiplicate Ratio of the Diilances inverfely. 
f or £xadinef8, I made a fquare Bar of Ironjuft^of anlnch 
ducky and then provided three Pieces q{ Wood of the iaine 
JForm and Thicknefs picdfely. Then poiiing the Loadftone 
> very nicely at the End of a Balance which would turn with 
Icfs then a Grain, I placed under it the Iron with firft one Piece 
of Woody then two Pieces, and lafUy all three Pieces upon 
it, by which means the Steel Points of the Pole were kept at 
i» T) 7 of an Inch from the Iron, and in thbfe Diftances the 
Weights put into the oppoiite Scale to raife the Loadftone 
from the Wood (which it touched while the Beam was hori« 
zontal) were as follows : 

Ratio of Ratio of Sefymp. 
. Graitts^ the Squares. tbexCuhes. Ratio* 
T>if. ^i — ^56 -r- 156 — 156 — 156 

(i — 28 — 17 — 6 — 30 

1 2. Whence it appears, that the Numbers of Grains tp 
counter-aft the Power of the Loadilone in thefe Didances ap> 
proach very near, and are almoil the £une with thofe which 
are in the SefquipUcate Ratio, but are widely different from 
thofe which are m the Daflicate or Trif&cate Riftip; and this 
Experiment I tried feveral times for each Diilance^ and with 
jBuuce any Variation in the Succefs. 

1 3. The Power or Force of Magnets is generally greater 
in fmall than in large ones, in Proportion to ^eir Bulk. It 
is voy rare that very large ones wQl take up more tha^ 3 or 
4tmie« their own Weight, but a iinall one is but tolerably 
good that will take up no more than S, 10, or 12 times its 
Weight. The Honourable Mr. Berkeley, at BrtUon, has one 
who& Weight (with the Armature) is but 43 Grains^ which 
will take up 1032 Grains, which is 24 times its Weight. But 
that of Mr. Newton (which he wears in his Ring, in&ad of a 
Diamond of lefs Value) which weighs fcarce Tkreb Grains^ 
will take up 746 Grains, which is 250 times its Weighty which 

. is by for the ftrongeft and beft of any I have iieen; and there<« 
fore, as a great Curiofity, I have given a Cut of the Ring and Fig. 3. 
Stone with the Iron hanging to it. 

14. Iron Bars by ftandinglongin the fame Poiition will ac- 
quire the Ma^etic Virtue to a furprizing Degree. I havo 
feen one about 10 Feet long and 3 lnch^9 thick, (fupporting 
the Summer Beam of a Room) which has been able to torn 
the Needle at 8 or 10 Feet defiance, and exceeded a Load* 
ftone of 3 I Pounds Weight. From the Middle Pomt up- 
wards it was a North Poles and downwards a South Pole \ and 
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Ilcve by me an Iron Rod wUch has JTeveial Potai or Barli 
. wnickduuige the Pofitionof the Mapetic I^eedle: It b the 
Fig. 7* Beam of a large Steelyard, which let A E repvefent} then at A» 
and from thence to B, the North End of the Needle it attraOedi 
at B, and from thenoa to Q, the North End is repelled and the 
Sooth End attraded; from C to D» thO^orth End ia again 
attraaed and the South End repell'd, and from D to £ tte 
Sooth End is attraded, and die North End repell*di laftlf^ 
nt the End £ begins another Pok^and there the Needle Aanda 
nearly parallel ^th the Beam, with nekher Bnd'attra&cd. 

15. It will be proper here to acquaint the Reader with die 
^vnnlMetKodsof conmiunicatingche Masietic Virtue to Iroo^ 
In fo flreat a Degree, that fuch aPiece i?Iron or Sled is do- 
fenrecRy caird tXL Artifitud Magnet or LoaJfiena and as it 
poflefles all the Propblkes, fo it is nfed to all the Purpofes of 
the natural Loadftone. 

1,6. The firt Way of making vl Ardficisd 'Magnet is bf 
nreparing feveral St^ Lamina^ or thin Plates, about 6 or 8^ 
Indies long, and \, an Inch broadf thefe well pcdiflied, and 
properly touched on a veiy flrong Loadftone, at each End, 
smd then put together and arm'd with Steel Pomts like the 
common Stone, wiH become an Artificial Magnet. 

17. AfecondWay is by preparing fblid Pieces of Steely * 
and having wrought them to a proper Figure, poliA*d» and 
arm'd them with Steel Armour ; if then one oif them be pm* 

rrly held in the Magnetic Meridian Line, and the other #hich 
armM be drawn fereral Times along it, it will ccmeeiine a 
mat Degree of Magnetifin ; if then the Armoor be lemofed 
nt>m this and placed on the other, and that in like Maancr 
COoch*d on this, it will become Magnetical. Bat to defcribn 
the particular Manner, with all its Circumftances, would be too 
fedioius I ihall therefore refer the Reader to the Account gi* 
ven by the Intrentor, Mr. Savery^ in PMrf, Traif. N*. 414. 

1 8. A third Way is to proride a Piece of Steel, and coats* 
nue rubbing it n^iry bard all one Way with a hard pc^fl)*d Steel 
Xnfbument, and it will by this Sort of Fridion conceive io 
great a Degree of Virtue, as to become an Jrtijkied Memet^ 
of greater Force, very often, then the natural ones, A Snail 
Piece of Wire thus ordered wiD be as tender, and pomtaa 
nicely Northwards, as any one tottch*d by the Natur^ Mag- 
net. 

19. A fourth Way is to heat a Piece of Steel red hot, and 
then quench it in Water, bein^ held thcrem in fuch aFo- 
ftion as the Dipping-Neoile takes when fufpended on a iharp 
Fomt. This Method will fucceed only in die Hand of tho& 
who b/ frequent Trials have acquired a peculiar Sagacity this 

Ways 
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WqrjaiKliBdMddiefittBeflHiybefiudofalltkeodicn. *lli 
Eqperieiioe 011I7 that gmt a PcrfoD tfie BmUnfo nsctSny 
nr nioo pf inin g in iH foch Affiun. 
20. Afifth Wt7 itbjrfettiiigm Bir oTIrQiior Scedint 

KrFhce, aad thfliv kaingk faad fe a loog time in a Pa- 
unaltered, and it w91 acquire a v^ peat Maenetic Vir* 
toe, aa hat bctti already taken Notice of| a peipendicnhrP»> 
fidoniibeft, and the liiger the Bir, and the longer it (hndi^ 
the better or ftronger it wfll he. 

at. AfijBthMethodof givni ddi VntiietolRMiJnafiir* 
poi&g I>egree, andalfo to theLoadftone idelf, yea ofaber- 
mg or reveffing its Poles, and difpoaeSag it of in Virtoe^ 
tlmoft k any Manner, iiyetaSecMlntheHandtoraGeB- 
danan in LctubMi who* 'tis hoped, will bU^ the Worid 
widi abetter Accoontofthe cnrioos AithepoAeOesthaniitat 
on be got at from common Report. 

22. As finrertl Wavs hare been piopofed finr r ecof tiim 
die decayed Virtne of LoadAonet, and but to little pnrpofe, 
(efoeciaUy that of keeping the Stone oinCandym Steel F^^ 
I Aall here relate the remaikahie Eiperiment of Mr. iLuc 
for this Purpofe, as it was attended widi foch great SuoceA. 

23. Tliis Gendeman had a Magnet %vei^g about 14^ 
Obnoes armM, which woold take op 16 times its own Wqght, 
«ns. i^H. Smb. bat havins laid it by fi^ the Space of feme 
Yean, nnded, it had toft ^ Fmt ofits Virtaeand more, for 
It wonM now lake op no more than 3 Pounds. Thispnthim 
on thinking of fevenl Ways to recover it, bot without Sue* 
ceis; dll at laft he relleded that by Ufe and Eaoeicift the 
Powers of Anknal Bodies were often improrM, anditn^ght 
poffibly happen fo widi refpeft to fome IVoperties orPowen 
of manimate Bodies. TFpon this Thought, he hung as mudh 
Weight to theStoneas itwouki ibfiain. and fo left it Ibrthe 
Space of ibme Weeks. Then letnming, he applied more 
We^ht to the former, which it veiy eafily bore, and thus n* 
peating the Addition of more Wei{^t at fereral Periods in the 
Space of about z Years, he at laft found that the Stone had 
act only recovered its former Strength^ bot increifed it fo far, 
that it would now take up more than 20 /(. whereas at firft it 
WOttldtidceupbttt i6/(. 
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LECTURE II. 

Of the ATTRAdTiON ^Gravitation^ and its 
Laws. Of Motion and Rest, abfoltUe and 
relative \ equable y accelerated j and retarded 
Motion. Of the Spacesy ^imesy and Velocities 
i?f Bodies in Motion. Of the Collision ^f 
Bodies Elajiic and Non-Elaftic Of the Mo- 
mentum or FoRCfe of Striking Bodies^ 
Of the Laws of Motion. Of the Composi- 
tion and Resolution of Motion. Of 
Action tf«4 Re-action. 0//i9^ Descent 
0f heavy Bodies. Of the Descent of Bodies on 
the Inclined Planes. Of the Doctrine of 
Pendulums. Of the Cycloid, its Proper- 
ties and Use ; the Curve ofquickefi Defcent. 
Of the Centre of Oscillation and Percus- 
sion. The various Ufes of the Pendulum, as 
41 Chronometer, fc?r. Of a new eonftruSled 
Pyrometer, a)!ri/ir^ Expansion ^/Metal- 
line Bodies. Of the Doctrine of Pro- 
jectiles, or Art of Gunnery. Of Cen- 
tral Forces, and the various Laws and Pro- 
perties of that Sort of Motion. Of the General 
Law of the Planetary Motions. Of the. 
FiQVR^ of the EAKTHy and how determined, 

THE Fourth and laft Species (f Attra- 
Elion is that of Gravitation, which 
is evident only, between large Bodies, as the 

Earth 
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Eanh and Moon, the Sun and its Plaheta* 
ly Attendants. The Laws of this Attraftion 
are as follows, viz. (i.) It is comnu>n to all 
Bodies, and mutual between them. (2.) ft 
is proportional to the Quantity of Matter in 
Bodies. (3.) It is exerted every way from the 
Centre of the attrading Body in Right-lined Di- 
reftions, (4.) It dccrealcs 3S the Squares of the 
Diftances increafes. That is, if a Body at A, on Plite HI. 
the Earth's Siirface, diftant one Semidiameter from ^'*' ** 
the Centre C, weighs 3600 Pounds, it will at the 
EHftance of 2, 3, 4, 5, 6, Scmidiametcrs weigh 
900, 400,1225, 145, 100 Pounds; which Num* 
bers decreafe as the Squares of the DUlaaces 
4j 9f i6j 25, 36, increafc (XVI). 

(XVI.) I. Though we redcoH this Speciet of Attraffion 
difierent frqp that of Cohefion, yet, when well confider^d, 
it may be found perhaps to differ no otherwiie than at the 
Wbvt^ frwi the Part^ ; for the Gravity of large Bodies nay 
be only the Refalt or Aggn^te of the pardcukr Powers cf 
the conititaent Particles, which fingly aA only npon Contad^ 
and in fmall Diftances ; but with their joint Forces, in vaft 
Quantities, produce a mighty Power, whofe Efficacy extends 
to very great Difiances, proportional to the Magnitnde of 
Bodies. 

2. This Force of Gravity is, to Senfe, the fame for any 
Diftances near the Earth's Sur&ce ; fince a fmall Diftance 
^m the Surface of the Earth does not ienfibly alter the Biftance 
m>m the Centre, which is near 4000 Miles : At the Height 
therefore of one Mile, for Inftance, the Difbnces htua thd 
Centre will be as the Numbers 4000 to 4001, and the Pow* , 
ers of Gravity inverfely as their Squares, tnx. as 16008001 
to 16000000, or as 16008 to 16000, which are fo near aa 
Equality as not to be feniibly different from each other. 

3. But when the Diftance is fo great as to cade aDilpro- 
portion between that and the Semi-diameter of the Earth« 
then will the Power of Gravity decreafe veiy fenfibly, ac- 
cording to the Law above laid down : Thus at the Inftance 
of the Moon^ which is» at a Mean, about 60 Semidiameters 

Hence 
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. HxKCt we learn that all Bodies have W£iaHT» 
or vet heavyi and that there is no fuch Thing as 
iAfohiie Levity in Nature : And by the fecond 
Iaw, the We^t of all Bodies is proportional to 
the Quantity of Matter they contain ; and henc^ 
fince Bodies of equal Bulks^ are found to have 
unequal Quantities of Matter, it evidently fol- 
lows, that a Vacuum, or Space void of Matter, 
mufl: necei&rily exift, and diat an abfolute Ple- 
num is a Do£):rine unj^Uofophical, and equally 
fclfc and abfurd (XVIi;. 

of tlie Euth, the Power of Gravity is to that on the Earth*s 
Sur&oe at i to 3600, as will be fhewn under the Attide of 
Cmtral F$r€es with fufficient JDemonfttation. 

(XVII.) I. Since thete is no Sort of Matter that we have 
any Knowledge of biit what win gravitase, to fappofe there is 
any Sort that will not, is arbitraiy, and contrary to the Rules 
of FhflflAphiziQg, and all found Reafomng ; by which weare 
confiBBd to tfce PhfBBOOiciia4)f sealp and not inu^inary £»• 

a. The Weight or Quantity of Matter m Bodies may be 
cqprefrM' by their Bulks mnkiplied by their Deniities. By 
the DsHsiTY of a Body is neant the greater or kfier (^an- 
tity of Matter ander the £une Bulk ; and therefore the Den- 
i^f (I^ of any Body A, is to the Denfity (D) of any other 
Bod^ B of oqnal Bulk, as the Quantity of Matter (M) m the 
' fofmer is to the Quantity of Matter /4v^ in the latter. That 

lb, D:i>::M:m: •/©»== dm. 

5. Bnt if die Bulks are unequal, and the Quantities of 
Matter the fiune, or equal m any two Bodicis B and C ; then 
win the Denfity (D) of the Body B^be tothe Denfity (d) of 
die Body C, as the Bulk (b) of the latter, to the Bulk 
(B) of the fbrmer ; wis^ DldllH^i vDB = db, 

.4. Hcnce2> = -j=-^rp; andfoM</*=r jwBDj and 

eonfequemly Ml m llBDl id; that is. Tie ^umtitify rf 
Matter hi my fwo Bodies A and C, nvhick £fftr in Bulk amd 
W^f^* «>v t9 iocb other as the Protk^s of the Denfities iy 
their Bulks ^ as nvas above afferted. 

jr. Hence alfo in fudi Bodies, D : /:: M^ \m B ; that 

Also, 
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Also, from the third Law it folbws, dial all 
Bodies dcfccnding freely by their Grainty tend 
'^ towards the Earth in Right Lines perpendicular 
to its Surface -, and with eqvtal Velocities, (abating 
for the Refiftancc of the Air) as is evident l^ 
the fecond Law above, and what will ioime- 
diatcly follow in Mechanics (XVIII). 

^tumtitics ofMatUr^ andinvtrfdj mi their Bu&Jt. 

6. LaSSLy^ne Bulks 0r Magmtudu oftnv Btdes A imiC 
art direSly as tbiir ^asttities ofMattir or Wtighis^ tmd tmmfk* 
If as thdr Demfiiiai for we have B : ^ :: }Ad\mT}. 

7. -Wiiat Jmu been hitlieno iakl ichtet to die aUbiittt 
We%lit of Bodies ; bat when the Weight or Gnuritiei. 0^89- 
'die» of equal Bulk are confiderM and compared tofethtt, cImj 
are then called the Relative Weights or Specific Cravitiei tf 
thofe Bodies; and finoe Khjcy are ucewife propotdoaai to dia 
Quanricies of Matter^ ^tisevidenty thaitbe iMbtammi ^^ 
tifo Oravities are froportiotud to eaA other, ia au Bodkt | and 
therdfore what has been &ad of the one » cq^y applicable 
Co the other. 

S. As a Corollary to this Article, wemayr oGfibrve with Sir 
JSaac Ne^uiio»^ that all Space cannot be fllM witK llatter^ at 
&e ^/on^j aflest, bitt that there inuft neceflarily be VacinCica 
or Intei&ces void of Matter in the Compofition of natwal 
Bodies ; for If there were. noc» then Bodiea dF equal Bulk 
woqU ever be of the fame Weight and Denfity,. or; mother 
Woids, the Denfity and Specific Graviqr of Cbri or .<^woiild 
he tfae btnt with that of $sdekfiher or Goid, And *cis fiir^ 
prifing CO think, that fuch Abfiinlities ate net j^ofi eaog^ t» 
Be heeded by thofe who hefitate about a Facu 
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VeloC3&r towards the Centre of the Earth (im, P^umo 
cauie the Force of Givvity in each is pioportiooal co the 
Qgnakf of Matter, or Number of Paitidea onfy« ^odepea* 
dent of any ether Circamfbmce or Confideration matfoevcr. 
Thsa timok the Body Ahas onfar one Rutide ef Mattel^ 
ind the Bo^ B confifis of one hondred, tfien wiH the Focoe 
ef Gravis in A be to that m B as i to 1001 and tbetefiM 
the'Force aAing 00 each finglc Particle in B is bat ^ of the 
«hdePeri6e» and conieipicntly is but eqeal to the Foice aA- 
lag oa die fin|^ Pardde A; fince tlie^ each fingle Partide 

AjaAiJifi 
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Again : Since the Attraflion is always dircftljr 
as the Quantity of Matter,, and inverljbly as the 
Squ^ of the Diftance, it follows, that were the . 
internal Parts of the Earth a perfeft Void, or 
hollow Concavity, a Body placed any where 
therein would be^ abfQlutely light, or void of QxBr 
vity-, but fuppofing the Earth a folid. Body 
throughout, the Gravity from the Surface to the 
<5entre will decreafe with the Diftance, or it wifi 
•be direfUy proportional to the Diftance from the 
^Centre (XIX). 

inB is afted upon with the iame Force as tlie Partkle A» d^ 
Velocities' in each mail be equal ; that is, each Particle in ue 
"BSdy B '(and therefore the whole Body) niuft defcend with an 
equal Velocity with that of A. This would be eafy to conceive^ 
if the KtrtidesintheBodyBwere to fall feparate ; and Ithink 
*css a^^eaiy tounderAaodthat their Connection or Cohefipncan 
no ways contribute to the Acceleration of their Motion, which 
is entipely the EfFeft of the AttraAing Force of die Earth. 

(XIX) I. For Illuihation» fuppoieABC.be the outward 
Shell or CnA^ and all the internal Parts of the Earth an hoi* 
Plate II. low Space Or Concavity^ in which fuppofe any Body as R» to 
^^S- 4- jbe placed in any Part whatfoever ; through die Centre of the 
-&id Body let there be drawn the Lines ad and Sc^ which br 
their Revoluuon would defcribe Cones, whofe Baib ab;^sixA 
cd, in the fpherical Superficies, are in proportion to eaelt'oth&r 
as the Squares of the Diilances from R reipe^vely. ^ow the 
Pardde R is attraded by the Parddes in thole two Safes with 
an equal Force ; for the Force is as the Square of the IXfhncfc 
pf the Safes mverfely, and as the Number of Parddes 41 each 
Bafe diredtty, which Number of P^de^ b as the SqQare of 
die DiSanoe firom the Pardde direddjr. But ihh £rea and 
ifnffffe lUiti0 of the Forces makes a Rado of Equality ; that M^ 
the Forces on each Side are equal, and being in contnny Dire- 
dions ^hey deifaoy each other j and this being t)ie Cafe in <- 
ity other F^oftheooncaTe Superficies, *tis evident the ^odv 
R caniiot' be hnpell^d towards any Part, but will retain its Pol 
iition as if not afieded by Gravity at all. -^ * 

2: The Forces with which a Body will be attrtti6led on the 
9arfice of two Spheres of the iamc Denfity, but unequal 

" "* Havwo 
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*• Having premifcd the ncceffaiy ^racogmta to 
•^he Science of Mechanics, which entirely de- 
pends on the Principle of Gravitation, we come 
immediately to confider the Objea thereof t*r. 
the ' Nature y Kinds^ and various jiffiBimu of Mb^ 
/ion,. and moving Bodies; and the Stnifture and 
Mechanifin of all Kinds of Machines, commonly ' 
caU'd Mxcbanical Paooers^ whether Simple or 
Compound. 

;^ ttiOTION is' the continual and Tucceflive 
Change of Spacer aad is either Affohte or ktla- 

r . . 

.Bdki» w// ii SreBly ms thi DUmeters 9f thi Sfhns. For 

ithc Force (f) of the IdTdr Sphere ABC will be to the 

Force (F) of the greater DBF inverfely «3 theSqnaies^of Pi^^^* 

^ Diameter (i^) of the leffer to the Square of the I^. 'Fig. 5, 6. 

meter (D*) of the grcatpfi that if, f : ^ :: i : ^• 

Note, ^his isfo becaufis the F^rcts an tmwfify ms tie Sfmutt ^f 
4ht Difiancts fir$m tbi Centni^ nuhieb are wfKol Hhaifthi Dia-^ 
4neiers. 

^ 3, Ag^ : The Forces are as the Nmnbcr of AttnAing 
^Par^es^ which are as the Bulks or Magnitudes of the Spheres^ 

which a^fiis the Cubes of the Diameter ; therefore alfo f :F: ; 
W : D^ ; whence both theft Ratio's compounded give f : 

F : : -s : -*^ : : i/: Di w^ the Fonts of JtiraOim org 

'inj^epffioifto tbeDiametitsofthe Sfheres SroBh. 
* 4. Hence it follows, that werethere a Pmnatioii arnde^ 
sqid a Body to defcend therein from the Surface of the Eartk 
to the Center, its Gravity would ahvays decreafe widi the 
Diftanee from the Center^; becaufe in cVery Place it might \m 
]confider*d as on that Sur&ce of a Sphere whofe^DiaiMter ia 
*equal to twice the Diitance from die Center, and which la 
proportional to the Sphere^s Attraftion ; the Puts of the Earth 
^vethr Body being otdy Part of a Spherical Shdl, which 
has no Effcft on the Body, as was ihewn above. . 

tiv^. 
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the. Jhfolute Motion is the Change of Ahfohte 
^l^eorPbccei Bodies^ asthe FUghcof attrd, 
& Modon of a Projedile,. 6?^, But Relative 
MttioB is theChangp of Relative Space^ or that 
vUch has. Rcieroice to ibme other Bodies; As 
of 't#o SUp» under Sail, the DiflfeirtKX' of the^ 
VdodUfS is the fielative Mafion of the Ship iail- 
n% bSti^\ vd is that ^iJooe which is diiceini- 
ble by u$.^ The fame is to be undeiftood of ^ 
folute and Relative Reft (XX). 

. ^iX) I. T|Qini9kedu8Miu(efyetpIamer» weaNiloxoa. 
fidcr, that Space Is nothing elfe but an ahfilute 4md injkutt, 
Wmdi and tUt tht PtACB ofaBddyktfaat FMoftheiinK 
menfe Void which it takes up or poffcfles ; and thatTlace mqr 
be confider*d either abfolntdy, or in itfelf alone, andthea 
it IS oitti die jBfokat tlati oi the Bqc^; or eUcwith Ite. 
gaid to d^e Place of fonw odier Body, aiid ^lea it is cdlM 
4h^ JMi^fotf^ 0r u^y^RTMf ?&Ar of Bwfes. 

«. Nof»a« Modon. is «ii]y^ Change olTlace in Bo£e% 
, 'tis evident that ^tdJf come opder the fame DiftinfUon of Ai^ 
fil^f't MAi'RiJIatPve ot Jffarait. All Modon is midelfiff. 
Jb^fe^ tat A^rCltage ofAbfatm Spaui but when d^t Bfa* 
ims of Hbdiet aie ^i)fider*d «3d compared with, c^ oeker* 
then are they Rilathvt and Afj^ama only; they are ^^f^« 
aa Aiqr Ivetoni^aied wiiii each other; and tieey afee J^mnmt 
mbf^ inaintsh .as not dicir trutmr atfoku Afy»\, \m t)^ 
Sbm w^IHJfinau9fth$Maimi only is p eroi tve abteby o». 
I ^. Injfiunpanng the Motions of Bodies^ wemayiaonfitar 

th^m as mpvhig both die fiune way« or tovaids ooomiy 
Ruts; in the firft Cafe die IHfft^ntet rftbi Meiim u mify 
perceived by ns» in the latter the Snmtftb^ MoHma. Thiia 
fer Exaiaple^ itmpoTe twoShipi, A aitt B^ let iaiLfibmtlui 
iame Port upon the iame Rhombs aodthat A lailaatdielUta 
of &veMjia>fr Hour,, and Bat die Safes of three; bostba 
' JDifmnoeoftheVeIodties(^ two Miles /IT Hour) is that 
by which the Shq|> A will appear to go from die Ship B for* 
wasds^ or the ShipB willajMear at A to go witbdieiSttBa 
Velocity baclcwards, to a Spedator in ctth(|rfcfpe^vfijy. 

4* If tbe two Sl^ A and B move wkb the fiun« 0^^ 
ofVeloei^. thcai^ tkeDiiG»imebtaothin^ aadfi^ 

AoAiK : 
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Again: Motion is either Equabii or Auek- 
raied. Equable Metitm is that by which a Body 
pafiei oVer equal Spaces in equal Times. Ac- 
celerated Motion is that which is continually ai%- 
mmted or increafed; as Retarded M^tim is diat 
which- continually decreales: And if die Increale 
or Decreafe of Modon be equal in equal Times^ 
the Motion is then faid to be epabfy accelerated 
cr retarded (XXl;, 

Iher Ship will appear to the olher tomove at all. Hfence it u^ 
that tho* the Earth is contimialljr revolving about its Axis, yvt 
as all ObjeQs on its Surfiu:e partdteof the fame oonunon Mb« 
tion, they appear not to move at all^ but are rebtlvely at Reft. 

5. H the tWoShips A and B^ vdth the Degrees <^yelod- 
ties as above, meet each other; the one will appear to xha 
other to move with the Sum of both Velocities, wx. at the 
Rate of eight Wle^per Hour; fo that in this Cafe the Afftt- 
rent Motion exceeds the Truit as in the )ther It fell ihort of it. 
Hence the Reafon why a Perfon tiding againft the Wind 
finds the Force of it much ereater than it r^y is, whereas if 
he rides nmth it, he finds it kis* 

Scholium. 

6. «The ReaTon of all thefe different Fhmoinena of Motion 
will be evident if we only confideri that wc muft be abfolutely 
at Reft, if we would dlfcem the true or real Motion of Bodiea , 
about ns. Thus a Perfon on the Strand will oUetre the Ships 
Ruling with their real Velocity; a Perfon ftaaiing Hill vnll 
experience the true Strength and Velocity of the Wind; and 
a Perfon placed in the Regions between the Planets will view 

. an their true Mofiofts ; which he cannot otberwiie do, becanfe 
in all other Cafes, the Spedator's own Motion mail be added 
to, or fubdudled from, that of the moving Body ; and the Sam 
or Difference is therefore the Jfperent or Relative Motimtp 
and not the Tnv^. 

(XXI.) I i Equable Motion is generated by afingle Impetus ot 
Stroke ; thus the Motion of a Ball from a Cannon is produced 
by the fingle Action of the Powder in the ir(k Moment, and ' 
therefore the Velocity it fitft fets out with would always con- 
tinue the fame were it void of Gravity, and to move in an 
' anrefifting Medimn, which therefore woul^ be always eqaahle, 
or foch as would carry it through the fame Length of Spact 
inevexy c^tud Put of Tijne. 

E Thb 
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* The Celerity or Velocity oi Motion is that Af- 
fcftion by which a Body pafles over a given 
Space in a given Time, .or what we c6mmoiily 
<:aU the Sw^tnefi or Skwnefs of Motion (XXII;, 

2. Accelerated Motion is prodtfced by A confbnt Impolfe, or - 
Power which keeps^ continually a^lipg upon the Body,, as that 
of Gravity, which produces the Motion of Falling Bodies, 
which fort of Mot'on 'is 'conftantly accelerated, becanfe Gra- 
vity every Moment adds a new Iinpul(e» which generates a 
new Degree of Velocity ; and the Velocity thus increafmg the 
Motion muft be quickened each Moment, or &11 fafter and 
fefier the longer it falls. , .^ 

* 3. In like Manner, a. Body thrown perpendicularly jup- 
ward, as a Ball from a Cannon, will have its Motion continue 
iai/y retarded, becaufe Gravity afts conftantly upon it in a Di- 
re&ion contrary to that given it by the Powder, fo that iti 

^Velocity upwards mufl be cbntinually diminiihed, and to its 
'Motion as continually retarded, till at laiil it be all defb-by'd. 
The Body has then attaint its utfnoH Height, and is for a 

* Moment motipnlefs, after which it begins to defcend with 
a Velocity in the fame Manner acceleratedj, till it comes to 
the Earth's Surfece. 

4. And becaufe ^t a finall Diflance from the Earth^s S^ur- 

£ice, the Power of Gravity is every where the fame, it follows^ 

that in equal Mpments of Time the. Impulfes on the Body will 

be equal, whTch will therefore generate an equal Increafe q( 

Velocity each Moment, and of Confequencc the Motion re- 

' fulting from thence win be equably quickened if downwards, 

or retarded jf upwards, in Mediums, without Refiftance. 

, 5. In this Cafe we mayobferve in Bodies that are projed- 

cd upwards, (i.) That the Time of the Afcent is equal to 

that of the Defcent. (2.) That at equal Heights above the 

Earth, the Velocity in the Alcent and Defcent is equal, or 

the fame; and therefore, (3.) That the Velocity acquired 

(by falling) at the Earth's Sur&ce, is equal to that which is 

generated by the Powder, or other Impetus (which threw it 

^ up) in the firft Moment of its Motion. . What Difference will 

arife from a refitting Medium, (as to Projectiles thrown up in the 

Air, fS'f .) will be hereafter more fully conilder'd and fpecified. 

(XXII) I . From the above Definitions we may determine the 

, Theorems, for the Expreflions of the Time (T), the Velocity 

(V), and the Space (S) paiTed over in Equable or Uniform 

Motion, very cafily thus : . • 

3. Jf the Time be given, or the fame; tho Sfacs fetft*/ 



r 
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. The Momentum or ^umtity of Mbtion is alt 
tiiat Power or Force which a moving Body has 
to affeft or rtrike any Obftacle or Impedimei* 
which oppofes its Modon» and is equal to tfeat 
impreffed Force by which the Body is compelled 
to change its Place. 

' Si^cE the Force of a Body is greater or Icffcr 
as the Quantity of Matter is b^ when the Veloci* 
ty of its Motion is^ the fame ; alfo fince the laid 
Force in the fame Body is proportional to its Ve- 
locity : Therefore it follows, that the Momentum 
or Force of Bodies in Motion is in the compound 
Hati^ of their Quantities of Matter and their Ve- 
locities conjointly. Thus if one Body A ftrikc Plttcnt 
ah Obftacle X, with 3 Partsof Matter and 9 Dc- ^*'' 
grees of Celerity ; and another Body B ftrike it 

9ver will be as tbi Vdocity^ viz. S : V ; that is, with twice 
the Velocity, twice the Space ; with three times die Velodtf. 
three times the Space, will be pafiM over in the fime Time^ 
and fo on. 

3. If the Velocity be g^ven, or remain the £une ; thm tbi 
Space faffed wermiiahi as the l'im{vvL. S:T) thatis, it will 
be greater or lefler as the Time is fo. 

4. fiat if neither the Time nor Velocity be ^ven, or 

known J then *will the Space be in tbe compound Ratio ofbotb^ 

viz. tl TV. 

g 

5.Hen€e,ingenenl,&iceS:TV,wehavtV: ^2 thatis^ 
the Velocity is ahne^eBreSljas tbe Space, and inver/efyas tbeTime* 

6. And alfe T : ^i that Is, tbe time is as tbe Space £^ 

reSly, and as tbe Velocity inverfely } or, in other Woids, it 
increnfesnuitbtbeSpacet uAdecreafes'witb tbe Velocity. 

7. If theitfbre in any Redangle A BC O one Side AB* pi^te lUi^ 
reprefent the Time, and the other Side BC the Velocity, *tia pig, ^, 
evident the Area of the iaid Rectangle will repre&nc the Space 

«ifs*d over by an uniform Motion in the Time AB and with 

the Velocity BC* 

^ E2 wid» _ 
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with 5 Parts of Matter, and 7 Degrees of Cek* 
rity; the Momenta of tfie refpeftivc Strokes wilK 
be as 27 to 35 (XXIIt). 

(XXIII). Since the Momentum (M) of a Body is com- 
pounded of the Quantity of Matter (QJ, ;uid the Velocity 
(V), we have this general Expreffion M=:; QV, for the Poreo 
of any Body A 1 and fuppofe the P'orce of aaocher Bo^ B 
be rcprefented by the fame Letters in Ita/kis, viz. M^:z^r. 

2. Let the two bodies A and B in Motion impinge on 
each other dktCdyi if they tend botb the 6aae Way, the 
Sum of their Motions towards the fame Part will be OV-f* 
^F. But if they tend towards contrary Parts, or meet, then 
Ike Sam of their Motions towaids.che (ame Part will be 
QV — ^; for £nGe the Motion of one of the Bodies ia 
contrary to what it was before, it muH be connected by a con- 
trary Sign. Or thus; becaafe when the Motion of B, con- 
^ires with that of A it is added to it, fo When it is contraxy« 
it is fithdu3ed J^rom it^ and the Sum or Difference of the ei* 
foiute Motions is the whole relative MoHon, or that which h 
made towards the fame Part. ^ . ^ 

3. Again, this total Motion towards the fame P^rts is the 
fyoLt both before and after the Stroke^ in cafe the two .Bo:; 
dies A and B impinge on each other; becaufe whatever Change^ 
Of Motion is made in one of thofe Bodies by the Stroke^ 
]^e fame is produced in the other Body towards the fame 
Part; that isj as much as the Motion of B is increafed. or 
decreafed towards the fame Part by the A£Uon of A,'juft 
fo much is the Motion of A diminifhed or augmented to- 
wards the fame Pa^t by the equal Re-a^ion of B^ by the 
Third Law of Motion] 

• 4. In Bodies not elafiic, let x be the Velocity of tJie &• 
dies after the Stroke (for fmce we fuppofe them not ebdlic» 
there can be nothing to (epame theni after ColHfioB, they 
muft therefore both go on together, or with the fame Cele- 
rity}. Then the Sum of the Motions after Collifion will be 
Qjr-f-^*; whence if the Bodies tend the iame Way, iv(e 
have Qly +J^ir= Qj?+ ^x, or if they meet> QV— 

i^/^= Q^x + ^ ; and ayordingly ^ ^ j"^ = x, or 



tv- 



= ». 



Plate IV. 5- ^^^ Bodici (B) be at reft, dien^=«, and die Ve« 
F'J" '• lodtiea of the Bodies after the Stroke wfll be ^±^ =.*• 

Thb 
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The general Laws of Motion, wKch all Bo- 
dies obferve, are the three following, viz. 

m 

Thu» if theBodfcsbc equal (vix. 0= j^ and A witli ip 

^ * .^ ^^ QV Plate IV. 

Dfgreesof Ydodty impinge on B atieft ; then q^;^ = Fig. a. 

— = szux. If CL=^. «d V:r:: lo :6; we 

h^ve ^^-=^=-~==8==;r, the Velocity after tbc 

Stroke. 

6. If the Bodies aie both in Motion, and tend the fiune Fig. $, 
Way, then when (^= ^, and V = F, 'tis plain 

^i^% ^^ = * 5 ^^ M» ^c Bodies which meet wiA 

equal Balks and Velocities will deftroy each other*s Motion 
after AeStrokc. and remainat reft. If C^- ^, but V : T 

::6:i4,thenS^^|^=z|=4=^*; which ftews F«. 4- 

that eqoal Bodies meeting with unequal Velocities, they w^l 
after the Stroke both go on the iame Way whidi the mo& 
prewlent Body move<i before. 

QVrfczPr 

7. If the Velocity r ii , >-" be multiplied by die 

QJ-^ Q*V=!=QPr 

Qji^tities of Matter Qjmd;^, we (hall have ■ q l^ 

zziht MomMMm of Aafter the Stroke ; and ^^ ^ , J^- 

^+ ^ 

=r the Mmentum of B. Therefore QV — qI/^ ^ 

Q^^^ _ ^QX , v^^ = the Quitity 

rfMotfon loft in A after the Stroke, and confequently is equal 
lo what is gain'd in B, as may be ihewn in the feme Manner, 

Q ^ • 

8. But fince a Part of this Expieifion (viz, ^^g is con- 

ibnt, the Lofs of Motion will be ever proportional to the 
other Part W ztzV, But this Lofs or Change of Motion in 
eithef Body is the whole Effea, and fo mcafures the Magni- 
tude or Energy of the Stroke. Wherefore any two Bodies, 
net elaftic, ftrike each other with a Stroke always propor- 
tional to the Sum of their Velocities (V + T) if they meet, 
or to the Difference of their Velocities (V^-T) if they 
tend the feme Way. 

9. HcHcc if one Body (B) be at reft before the Stroke^ 

E 3 LAW L 
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LAW I. Every Body will continue in its State 
ef Reft^ or moving uniformly in a Right Line^ ex* 

then Fs:zoi and the Magnitude of the Stroke will be as V, 
that is, as the Velocity of the moving Body A; and not as 
the Spiiwe of its Filocity, as many Philofophers (^viz, the Duich 
and Jtaliafu) maintain. 

10. In Bodies pcrfeftly Elaftic, the reftituent Power or 
Spring, by which the I^s difplaccd by the Stroke reftore 
themfelves to their firft Situation, is equal to the Force iiit>* 
prefs'd, becsiofe it produces an equal EffdSt ; therefore in this 
Sort of Bodies, there is a Power of A6Uon twice as great as 
jn the former Non-elafiic Bodies, for thefe Bodies not only 
ftrike each other by ImpuHe, but likewife by Repulfe, they 
always repelling each other after the Stroke. 

11. But we have fhewn that the Force with which Non- 
elallic Bodies ftrike each other is as V =+= V ; therefore the 
Re-adion of Elaftic Bodies is the fame s that is, the Velo- 
city with which Elaftic Bodies recede from each other after 
the Stroke is equal to the Velocity with which,they approached 
each other before the Stroke. Whence if x and y be the 
Velocities of two Bodies A and B, tending the fame Way, after 

the Stroke, fincc V — F:=zy — *, we have ;r + V — Ftizyi 
. whence the Motion of A ^ter the Stroke will be Qjr, and 
that of B will be ^+^ — ^i and the Sum of thefe 
Motions will be equal to the Sum of the Motions before the 
Stroke, 'vix. Qjf +^Jr+ j^V— ^:=: QVr^^F. Whence 
by reducing the Equation, it wm be Qx-^^^Oy*^ 

^V+ 2 ^F, and;r = 0-^"^^+ ^^^ = the 

I'^clodty of the Body A. 

12. Again, the Velocity ofBis ^-|-V— r=s 
Qy^^Y+2^F .._ 2CLV-ar+^K 

Here we have fuppofcd the Bodies tend the fame Way before 
the Stroke $ and *tis evident from the Equation above, that 
fo long as Qy + ^ ^ ^ greater than j^V,~ the Velocity 
(x) of A after the Stroke will be affirmative, or the Body 
A will move the fame Way after the Stroke as before 5 but 
when j^V is greater than QV-j- zV^^ the Velocity (x) 
will be negative, or the Body A will be refleacd back. 

13. If the Body B be at reft, then F:=:o; and ;r =: 
QV ^V 

Q t0^ * which ibews the Body A will go forwards or 

ce;pt 
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ceptfofar as it is compeWd to change that State hj 

Forces imprefs'd. 

backwards, as QJV is greater or Icilcr than J^V, or A grea- 
ter or lefier than B. 

14. IfQ=:3, $^^» V= 10, and r=tf 5 thenaftcr Plal«lV, 

-., QV— PV to — 20 Fig. c. 
thcStiokcthc Vdodtyof Awfllbc ^ . g =^— ^ 

10 t QV 60 

= — = 2, and the Vclocityof B wiUbejf= n]i5= T 

= 12. If the Bodies are both in Motion, and r:= 5, tn« 
n&, the (axne as before 5 then-^:: OJL9 " ^ — 

Velocity of A after the Stroke, and ^^ 04I S ^ '^' ^ 

II = Velocity of B after the Stroke. 

15. If the Bodies A and B move towards contraiy Partly 
or meet each other, then will the Relative Velocity, to which 
the Force of the Stroke is proportional, be V+T, and fo 
the Vebdties of A and B after the Stroke will be * and 
x^Y+Vi and fo the Motion of A will be Q5 and %+ 
^V+J^^; theSamofthefeMotionsisQ5=J^*=CV= 
P ^= QV — 9 Vzn the Motion towards the lame ?zxt be- 
^ ^ ^ QY — J^V — 2^ 
fore the Stroke. Whence we hare *=i^= — q , p -* 

and the Velocity of B wiU be QV— y — ^^^^y^ 

^ lOy + Qv—str Qjt^ • 

Q+^ ' 

16. If QV-f 2^^ be greater than QV, the Motion of 




5 Velocity of Abe -^= — q^jlo ' ^""^ 

— 2, and fo the Body A will go back with two Degrees of 
Velodty. The Velocity of B, after the Stroke, will be 
^jQV + Qf:-^r_ 

Qjf C 

17. If the Bodies are equal, that is, ifQ=:^, thenars 

'ZH^i^zn'-'Vi which (hews, that when equal Bodies meet 

2 i^ 
^eachother,theyarerefledledbackwithinterchangedVelodties; Fig. 8] 

2 O V 
for in that Cafe alfo the Velocity of B becomes ■ q ■ sr: V, 

4#.Ejttim>le of thii you have in Rg. 8. of Flaie IV. 

R4. ' LAwn- 
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LAW 11. Tbe Change of Motion is alwofspro^ 
; portionil to the moving Force imprefs^d^ and is aU 

• i8. If the Bodies are eqii^I, and one <^ tHem at reft^asBi 

rmtlV. then fiijce Q==J?^, and Vz=i9 >ve l^ivc the Velocity of A 

^%'9' after the Stroke a- =: 9 ; or the Body A will abid^ at Reft» 9x4 

the Velocity of B win be =V, the Velocity qf A before the 

Impose, as appears by the ^Bunple of Fig, 9. Plat$ IV. 

19. If feveral Bodips B, C, £>, £, F, ^xt comigaous in a 

Fig. 10* Right Line, if another equal Body A ftrike B with any given . 

Velocity^ it ihall lofe all its Motion^ Qr be quidcent after the 

Stroke, j the Body B which receives it will commimicate it to 

C> and C to D, and D to £, 9nd £ to F; and becaufe A£Uon 

V ^ and Re-a£Uon between the Bodies B, C» D, £, are equal, as 

they were quiefoent before, they mull continue fo ; but the Bkxly 

F having no other Body to re-ad upon it, has nothing to ob- 

ftrufl its Motion, it will therefore move on with the fame Ve^ 

}ocity which A had at firft, becaufe it has all the Motion of 

A, and the fame Quantity of Matter by Hypothefis. 

Eg. 1 1. ^o. X-et there be tbee Bodies A, B, C; and let A ftrike -■ 

B <at refl ; the Velocity generated in B by the Stroke will be 

2 oy 2 Q V ^ 

3 = V, ' , A » and fo the Momentum of B will be vCt a = 

' ^J^' With this Momentum B will fbike C at Refl |md condgn*. 

ous to it i the Velocity generated in C \yill be - ^^p: i and 

!ts Momentum will be t ,, . \. = ■ >^ , y. x tti >i ^ 
4QVCC ^+ <- ^+<- -0.+ ^^ 

21. If now we fuppofe B a variable Quantity, while 
A and C xemain the fame, we fball find wiiat Proportion 
it muft have to each of them in order that the Momentum 
of C may be a Maximum^ or the greated pollible, by j[ 

putting the Fluxion thereof equal to Nothing ; that is, I 

4Q!C-v^-^4QC^-4 r.. 

QC+Qil+.^c+cr • i 

^^=0, andfoQC=:^i^; Copfequcntly Q.: ^:: 
^: C, or A : B : : B : C ; thatis, th Bo(fyli is a Geome- 
trical Mean Between A and C. 

2 z. Hence if there be any Number, fn) of Bodies in a Geo- 
metrical Ratio frj to each other j and the firft be A, the fe- 
cond will be r A, the third r^A, and fo on to the laH:, which 
•wllbcr*— i.A. 

9i, Alfo, the Veldcity of die firft beihg V> that of the ie- 

fvaj^i 
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^iVfs made according to the Right Une in which 
that Force is imprefs'd. 

LAW III. Re-aSim is always equal and con-^ 
trary to A^ion-y or the AStions of two Bodies apon 
each other are always equals and in contrary Di^ 
regions: 7hat is^ hy ASion and Re aSlion equal 
Changes of Motion are produced in Bodies affing 
updn each others and tbefe Changes are imptefs^d 
towards contrary Parts. 

The firft of thefc Laws is founded on the ^ ^ 
Inertia of Matter, whereby it is indifferently dif- 

4. V S V 

that of the tiiird - ■ n ■ that of the fpurth ■ ■ , -^ and fo on 

tothelaft. i^hwfllbc^^-J* V. 

24. Tbi^ Mtmentum of the firft will be A V, that of tfat 

a^AV 4,r* AV 

fccond,^ — , that of the third 1 ^ - , y, that of the fourth 

/ ' + '■ *+'• ,,.,,^ 

-gfcsrj-, andfoontothclaft,whichwiUbc ..ill,'"" ^y 
/ + r i4-r| 

25. To give an f xample ; if »= loo, and r =r 2 ; then 
< will the firil Body A be to the laft rw— lA, as i to 

633825 300000000000000000000000, nearly 1 and its Velon 
city to that of the laft nearly as 27 1022000000C00000 to i : 
- LaSly, the Momentum of the firft to the laft will be nearly ai 
s to 233^480000000. 

26. If the Number (n) of Bodies be required, and the 
Ratio of the Momenta of the firft and laft be given as 1 to M« 
and the Ratio of the Series r given alfo; then potting 

'■—' =r R, we have the Momentum of the hift Body exprefi^d 

by ■ /* J = M = R"— ' ; therefore the Lggarithm of 

M (Lm) is equal to the Logarithm of R (L R) mtdtiplied by 
the Power n — i j thatis, /. M rr » — i x /. R j con&quend/ 
/ M 
|^g+ * =«^> ^^ Nwnbfi of Bodies rfqairc4» 

.-f pofed 
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pofcd to pcrfcvcre in its 5tate of Motion or Reft.* 
*Tis not more evident that Matter at Reft re- 
^ quires an esetrinfic Power to give it Motion, than 
that, when in Motion, the Force of fome other 
Body refifting it is neceflary to bring it to a Stat^ 
of Reft. For want ojFfuch Refiftance we fee the 
Planets and Comets long conferve their Motions 
tandiminiftiM; while moving Bowls, and Wheels, 
arc gradually reduced to a State of Reft, by the 
Friaion or Rubbing of the Parts on which they 
move, againft contiguous refifting Bodies; as 
is evident by the Experiment of the Jpcis in 
PerifrocbiOy moving firft on fix*d Boxes, and af- 
terwards on FriSlion-Wbeels. 

From this Law, and what will be farther dc- 
monftrated hereafter, it follows, that no perpe^ 
tuAl Motion, can be effedted, at leaft by any hu- 
taa^ Power, with Bodies in a refifting Medium. 

By the fecoffd Law we are inftrufted how to 

eftimate the Sum of the Motions of Bodies 

moving the fame or contrary Ways, when they 

direftly ftrike, or impinge on each other. Alfo 

we hence learn the Compofition and Refolution of 

Motion arifing from Forces imprefs'd in oblique 

Diredions ; a Dodrine of the utmoft Ufe in Phi- 

lofophy, and the Foundation of all Mechanics* 

Plate III. To illuftrate this: Let the Body B be impelPd 

^^' 4- ' by the pody A in the Direftion bc^ with a Force 

' that would, in a given Time, caufe it to move 

from ^ to r ; at the fame Inftant, let another Body 

C ftrike it in the Direftion bd^ with a Force that 

will carry it from b to d in the fame Time ; theii 

compleaix 
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compleat the Parallelograin bced^ and drtw the 
Diagonal be^ that will reprefent the Dirtftion and 
Diftance thfX)Ugh which the Body will more in the 
fame Time by both the Forces conjointly (XXIV V 

(XXIV.) This is evident if we confider that the Force im- 
pielsM hf the Body C does no wfjt diminifli the Velodty of 
aBody approachii^ to the Line r^, atthe End of the given 
Time, and therefore it wiQ then be-foond fomewhere in the faid 
Line ce. For the fame Reaibn it will at the End of the ftid 
Time be carried to a Diftance from be equal to b d^ and there* 
fore it mail alfo at the (ame Moment be found fomewhere in 
the Line de\ but it cannot be in the Lme a and ie at ther 
fiune Time, unlefs in that Point /» where they interfed each 
other, as the Proportion aiTerts. 

2. We may now conceive the Body B moving'by the fin- 
gle Impulfe of fome Power in the Dire6Uon be^ fuch as will 
cany it thro* the Space bein z given Time; then this may 
be refblved into any other two Forces ading in the DireAions 
be or de, and ^^or ce, which Lines will alfo repre&nt the 
Efficacy of the {aid Forces in the fame Time. 

3. This Do6trine of the Compojition und Ri/Qlioion ofForcei 
will be found of very frequent IJfe ; and will be farther ffluT- 
trated in an Application to the Dodrine ofObUque Percuffiott^ 
as follows. Let the Body A impmge on B at reft in the Di- 
rcttion A C, which becaufe it does not go thro' the Center of 
the ik>dy B^ the Stroke will not be. Direa^^uMtObUquei and let 
the Force of the Stroke te reprcfented by the faid Line A C. 

4. This Force A C may be refolved into the two Forces 
AI, and IC; the former of which being parallel to the ho- 
rizontal Line G F, cannot affed the Body B at all; for the 
Motion m that Line would only pa(s by the Superficies of B^ 
and touch the uppermoft Point without any Stroke or Force 
to remove it. . 

5. But that Part of the Stroke reprefented by IC, paffcs 
thro' the Center of B, and therefore exprefles the whole Force 
with which the Body A ftrikes it in the Direction A C. 
Therefore the Force §f an Oblique Stroke is to the Force of a Di^ 
reS Stroke, as IC to AC, fa^ng thro* the Center oftheBodjB. 

6. Now fince IC:;:= AG, we have this Analogy, The DireSf 
Stroke is to the Oblique Stroke, as AC to AG, that is, as Radiui 
to the Sine of the Angle of Inclination A C G. Whence, 'tis evi- 
dent, the lefs this Angle is, the more oblique the Strojce, and 
the lefs its Force^^ becaufe the left muft AG (=: IC) be in re* 
fpedofAC. 
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The ibird general Law is founded on Reafbn 
and Experience: We know from the Nature of 
Attra£iion or Gravity, that if a Stone fail to- 
wards the Earthy th^ Quantity of Motion both 
in the Earth and Stone is the fame. That 
itkt Iron attrat^s the Loadftone with an equal 
Power of Magnetifm, is evident by Experiment. 

7. If the Bodies A»B, are Nom-i/afik, in the Line GP, 
tftke CJ^ =CC =z AI» and this will be the horizontal Velo- 
pty of A after the Stroke, which will be the fame as before, 
and fince the whole Force I C of the Striking Body A it 
faiown, we can find (by Jtmot, XXIII. 7.) what Fart thereof 

* jremains after the Stroke, which let be exprefs*d by FD, (ta* 
ken from F to the Ri^t) then drawix^ C D it (hall reprefent 
the Motion and Direction of A after the Stroke, while B will 
go on towards £ with the Motion B E generated by the Stroke 
(which alfo mav be found as before) and will be equal to F D, 
if the Bodies A and B are equal. 

8. If the Bodies are Eia/iCf and 6 lefs than A, the Direc- 
tion of A after the Stroke^ (*viz. CD) wiU make an AeiUiAmr 
gle with B £ the DirefUon of B, or lie on the Right of C F. If 
B be greater than A, it will be refleded fo that CD will make 
an Obtufe Angle with C£, or lie on the Left of it But if 
both the Bodies are equal, the whole Motion of A in the Di* 
redlion C £ will be defbt)y;d (by Jnnot. XXIIL 1 9.) and it will 
proceed with only the horizontal Velocity in the Direction 
C F, making a Right Angle with C £, the Dire^on of B. 

9. If two Bodies A, B» in Motion, impinge on each other 
in the Point C in the oblique Diredions AC, BC, thefe are 
each refolvable into two, naz. A£ and £C, and BD and 

Plate IV ^^* ^^^ ^^ ^^ ^'^^ ^^ ^^^ parallel, they cannot ob- 
p. * fbuft each other, fo will be the fame after the Stroke as be. 

^* '3- fore it. But AE and BD," being oppofitc, will expiefi the 

Forces with which the Bodies (brike each other diredly, and 

may be found by the Rules above delivered. 

10. Ifthen we makeCJ?=C£, and C2) = CD: Alfo 
C G = Motion of A after the Stroke, and C Fz=l Motion of B* 
and compleat the Parallelograms £G, and Z)F, their Diago- 
nals C A and QB will be the Diredions, and exprefs {he Ve* 
tocities A and B. after the Stroke. This Conilrudlion is gene- 
ral, and may be accommodated to particular Cafes, varying with 
(he Magnitudes and Velocities^ fsTr. of the impinging BocSes. 

That- 
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Tliat ASlion and Re-0ion are equal between im- 
pinging Bodies, or that the lame Quantity of 
Motion that is generated in one Body is deftroy'd 
in the other by the Stroke, whetlier the Bodies be 
elajiic or non-elajlic^ will alio be made apparent to 
die Scnfes by Experiment. Whence 'iKi; it wilf 
appear^ that the Aftion or l^edt of ekjti€ Bodies 
1% twice as great, as that of Bodies Toid of E- 
lafticiQr(XXV). ; 

(>qcy.) Let Qs= Quantity of Matter in die Earth, and 
V = cHe Velocity with whicii itmoves by Atdaftion; and kt 
q and 'v denote the iame Things in the ladling Stone j thm 
fince Ad Earth and Stone ad motualiy on each other by Attnu^ 
dion» the Velocity of each^ and conieqaently the Spaces they 
defcribe in th^ iame Tinifc, will b^ as the Power ading on each 
Body», which therefore will be inyerfely as the Qoandties of • 

Matter in each: Confcqucntly Qj q :: v : V; and lb QV 
t^iTf v oi die Momatum of the Earth Ia equal to that of tha 
fiJUngBody. 

' s. felikeMbtemer, whenaHorfediawBaStone, thcCoid 
being equally ftretch'd between both, a£b eqoafly upon both» 
and that which has leaft RefiAanoe yields, awl is drawn along. 
This is afiudl^ the Cafe of the Stone; bat ifits Weight be in* 
ctealed, and ^rewith its Refinance, till it be equal to or grea- 
ter than that erf* the Horfe, then neither Horfe nw Stone will 
mdvej unlelstheStonebe kid>onaDeicent,and thenitwill 
move the fiontiary Way; and draw the Horfe alter it. * 

3. In & fiune Maooer we nday imdc^ftand how Rowbg^ 
Swimming, Flying, t^c is performed ; for the Boat, the Fiih» 
and theBiri, are AxiSes et^-inoveible with the leaft JSr^- 
/Mf, but the Water and Air in whkh they move, tho* fluid 
Bodies, yet give great Reii^Qoe to others which ifarike them^, 
or re*i^ with an equal J^orce, in a contrary Diredion ; and 
by this aseans impel the Boat, the Fiih, and Bird in a Direc- 
tion nearly cxwtrary to that in which they ftrike it, and with 
an-equal Force. 

4. Mnfemms %<f3iA as a Cannon 12 Feet in Lei^h, weigh* • 
ihg 6400 /ii» gives a Ball of 24/^^ an uniform Velocity at the 
Rate of 640 Feet fer Second. Put w^64oo, wzi^z^ 
^mzziS^Op vs; Velocity, with which the Cannon recoils. 

Froh 
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From this Law we have a Solution of diver* 
Pb^emmena otherwife aot to t)e accounted fpr : As, 

Nqw fince the Momentum of the 'Cannon and Ball are equal, 

- . ' ' ^'v 640 X 24 

we have wv=w«v, and fo.v::s = = 2,4, 

'. f . . , . . w 6400 ^ 

the Velocity 4>f the Cannon; .that is, it would recoil at the 
Rate of 2 -y^ Feet /rr Second,* if free to move. 
* 5. But if tJie Cannon be &Cd, h will receive a- Shock or 
Frci%e frOQ^ the esqxuiiye. Force of the Powder, equal to 
the PrefTure of a certain Weight, which Weight may thus be 
found. As the Powder conllantly a^ on the Ball while in 
the Cannon, it will drive it along with ain aooekrated Velo- 
^ty^ which accelerated Velocity will produce an unifbrtn Ve- 
locity of 24 Feet in the fame Time (as we fhall fliew hereafter) 
when free from the Cannon. And fince the Ball {does at the 

SAte of 640 J'eet per Second, it wiU. pa& over 24 Feet in <-^ 

of a Second, which therefore is the Time of its paffing thro* 
the Cannon. 
6, Now 'fince jn accelerated Velocities the Space s paf^d 

ever are -as the Squares of the Times, therefore as -— » : T* j*» 

^ *o^ 

cirasV'istift 26I'''** (=7ii|:) fo is 12 Feet 16^5534 
Feet, whidi the Ball would be carried through in one Second 
by the accelerating Force of die Powder. 
'7. But fince the accelerated Force of Gravity gives th^ 
Ball a We%ht of 24 Pounds, the i^ater accelerated Force of 
die Powder will give it the Force of a Weight =r 12800 
Pounds^ For the Weights <^ Bodies are as the acceleva* 
tecf^orces, and diefe as the Spaces pafs^d through in the 
fame Time; therefore 16FA 24/^. :: Ssssi^- • 12800/^. 
as required. 

8. But if the Cannon be free to reoMl, Pait of tUi Force 
will be fpent in givbg it a Velocity of 2,4 Feet in a Second^ 
end to find what Part of the whole Weight 12800 Pounds i 
that is, we are to confider that as the whole Force produces a 
' Velocity of 640 Feet in a Second one Way, fo when the 
Piecie recoils, this Velocity is divided into two Parts in con- 
trary DiredioBs, nnz, into 640 — < 2,4 and 2,41 the whole 
Fof^e therefore of 1 2800 Pound maOt be divided into Parta 
dF the fame P»>poftlons thus, as 640 ««» 2,4: 2^4:^ 637,6: 
a»4-«797-3-* 12800— .^: ;r :: 797 + 3 (=800) :3:: 
ts^oo : ;r 3= 4^ Poands. Wheif fore of the 12800 founda 

why 
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why foft and unelaftic Bodies retain tbe btfrejjkms 
<>f others, while hard and elaftic Bo^es nbatmi 
with equal Foree^ and under equal yhgks. Hence, 
the Reafon of Rawing mtb Oars^ and the Smm- 
ming of Fifties in Water; alfo, the Fifing of Birds 
in Air; the Recoiling of Guns \ the retro-verti^- 
dous Motion of the JSolipilei the Hydrqfiatie Pa- , 
raJox'y and many other Things hepffirfter occa?* 
fidnally mentioned, are accountable for on this 
and no other Principle. 

W;e proceed next to' confider the Nature of 
Motion beUn^ing to Bodies which defund firedf fy ' . x 
tbe Force of Gravity in f^acuo^ or. an unrefifting 
Medium: And this Kind of Motion we ihall find 
affefled with the following Properties, viz. 
. (i.) That it is equably accelerated, (i.) That its 
Velocity is always proportional to th&Tkne of the 
FalL (3.) That the Spaces pafs'd through are 
as the Squares of the Times or Velocities. And 
therefore, (4.) That the Velocity, and confequent- 
ly the Momentum^ which is proportional thereto, 
is as the Square Root of the Space defcendcd 
through. (5.) That the Space pals'd through 
the firft Second is very nearly 16^ Feet. (6.) 
That a Body will p^ oyer twice the Space in an 
horizontal Dirc6tion,^with the laft acquired Velo* 
city of the dcfccnding Body, in the fame Time 
(XXVI). 

•Illy 48 are fpent for giving Velocity to die Canooo, the odier 
' IS77S Pounds fpeod tfaemfelves^ in Freflure on-tlie Gna and 

Boll, giving it a Velocity of 657,6 Feet ^ Second. 
. {XXVLy I. It has t>een.fliewn {An$t. XXI.) that the MO* 

t]<in o£ft Body ftllingfieel); by ia Qnvi^ is epfoif; accalf- 

H^NCB 
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HEtrcf iffoHows^ that if one L^ A B ofn 

jight-aftgled Triangie reprefent the Tim of the 
Fall, and tlie oAcr Leg BG the Vdocity acquited 
«t'the Eod of the Fall j tiicn will th^ Area ABC 

raffidi 4U)d that its Velocity is at all Diftances froportimtai t0 
the Time of the Tall^ is evident from hence, that M cvfciy 
equal Pa?rticfe of Time, the Body receives an e^alltfiBiilfe 
.from Qavvty, nAiich generates an equal Increment of Velo' 
city; which, therefore, as it increafes with, mufi alfd be pro« 
portional to die Tfflxes. ' 

a. That the Spaces fafs^ ihro\ are at the Squares of the Timet 
er Velotitiee is Jience evident^ that if the Time of the Fall 
Plate III. thro' a certain Space be repreiented b}r A i , and the Velocity 
Fig. 5« -acqtiifed iii.i!heJSndof that->Thnebe \ai then drawing A iz^ 
. the Triangle A i a will reprefent the Space pafs'd thro' in that 
^ Time. For if we conceive the Line A i to be divided into 
an incite Noxdb^ of cqud iParts, and thro' each of tbefe 
J^iviiions, Lines drawn parallel to i a, thefe will reprefent the 
Vcloaties in the feveral Particles of Time. Now the Space 
defcribed in each Moment will be as the Velocity (becaiiile 
lor a Mom^t the Veloeity aiay be confider'd as unifonn) 
confequently, the Sam of all the Spaces deieribed in the Mo- 
ments in the Time A i will be as the Snm of all the VelqcitieB, 
or Lines parallel to i a, which reptdent them : But ^e Sum 
of all thefe lines make upihe Area of th6 Tr&ngle A i a^ 
therefore the whole Space pais'd thro' in the Time A t wHl 
l)e as the Area oftheTriangle k\a, 

3. Therefore the Triangle hzh rep^fenti^ the Space paf. 
fed thro' in the Time A 2, and the Triangle A 3 c the Space 
paf&^i thro' in the Time A3, andfo on. But the Ttiaa^es 
A I /r, A 2^, &r. aie fimilar, and therefore are to each other 
as the Sqoves of their Sides A i, A2, or i a^ zh^ Sec. That 
18, the Spaces are as the Squares of the Times or Velocities. 

4. Ccnfeqiiently the ^/^«r/Mr tmdTimesrf the Fail eon at 
the Sqdttre Moots of the Spaces paf s^d thro* ; and fince the Ma^ 
mentum of a Body is always M=:Q^V, and m this Cafe Q^ 
being a given Quantity, we have M : V, or the dfomefsttm 
of the Bod^ as the Velocity, or as the Square Ro^ of the Height 
^'^which the Botfyfaih. 

$. IthtA been found by rery acoumte E}q)erimenl8j|iBde 
by lettmg'^edies of various Sortslall from theHeight of die 
DomeofSt. A}«/*s, to the Pavement, that Gravitjr:accel4»ates, 
Bodies in ihe beginmng ^thtlrFaa, at thelUte of r^i3 

of 
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of the Triangle rcprefent the Space pafs'd through. 
And hence the Spaces defcended through at the 
End of every Second will be as the Square Num- 
bers I. 4. 9- 16. 25. ^6, ^c, and therefore the 

Feet m the firft Second of Time. This may tUb be other* 
ways fhcwft a priori, .becaofc we dcmonftrate that the Time 
(T) of the Vibration of a Penddom (in the Arch of a Cycloid) 
M to the Time (tj of a Body's Ming thro' half the LcngA 
of the Pendulum {| L) as the Circumference of a Circle (P) to 
the Diameter (D). (AnnataP. XXVIH. 9.) 

6. Again, it is found that the Length of a Pendulum yibnu 
4ing Second$ is 39*^ Inches. Now fince T : / : : P : D : 

3,14159: 1, we hmt T * ; z^; ; 3 ,14159* :i*::;r:|L| 

whence we haveAr—^L x 3,14159* z= i6Feet!=: the Space 
defcended in the Thne of one Vibratioo, or 1 Second. 

7. Since the Space paft*d thro* by an uni^rm Motion in Plate IIIJ 
the Thne AB,with the Velocity BCis AB x BC=:ABCD pjg. ^. 
= 2 ACB; it is evicjent that a Bod^movifig mmformly nkithtbt 

loft acquired Vikcity BC $/ a defcending Bodf, 'willmovi thro^ 
tmnce the Space in the Tim AB of the Fall. 

8. It isfkrtherevidentt diat fince the Spaces defisended thro* 
in each Second are as the odd Numbers, i, 3, 5, 9, 11, 13, 
15, &rr. and thefe Numbers conflantly approach nearer and 
nearer to an Equality, fb the accelerated Motion of the De- 
icent does by Degrees approach nearer and nearer to an omfbrm 
Motion; thus ^e Spaces roi, 103, 105, diiFer but little ; and 
the Spaces ipoi. 1003, 1005, differ lefs; but when we come 
to the Spaces i 00000000 1, 1000000003, 1000000005, 
thefe are fo very near equal, that the Motion itKy now be 
eileem*d uniform. 

9. If the Defcent be in a refitting Medium, the Modon 
win a^ually become unlfoAn at a certain Diilance, and the 
fooner as the Medium is denfer ; thus a Body falling in Air 
will be longer in acquiring; an uniform Motion tban in Water, 
and in Quickfilver it will loon obtain it : BeAiufe as the Den- 
fity increafes, fo does the Refiibnce, and confequently the 
Increments of Velocity are annihilated m the fame Ratio, and 
the Motion reduced to Uniformity. 

10. Bodies of the fiime MatterandFlgnres willfoonercometo 
an uniform Motion as the Magnitudes are lefier ; for *tis fhewn 
(in Geometty) that the Quantities of Matter decreafe in B6« 

dies with the Cttbfcs"of the Diameters, bot the Surfaces de- 

• . _ , » . 

;; F Spacer 
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Spaces pafs*d through in each Second feparateljr 
win be as the odd Numbers i. 3. 5. 7. 9. ii. 
13. 15. fcfr. as in the Figure. 

The next Sort of Motion is that of Bodies dc- 
fcending on inclined Planes^ and curved Surfaces^ 
which we find diftinguilh'd with the following 
Properties, (i.) The Motion on the inclined 
Planes is equably accelerated, as arifing from Gra- 

creafe only with the Squares of the Diameters. And fince the 
Refinance is proportional to the Surfaces of Bodies, moving 
in the fame Medium with the fame Velocity, it will follow 
ihat fmaller Bodies will be more refifted than larger ones, and 
'i^ come fooner to an uniform Motion. Hence it is, that a 
Body reduced to Powder defcends very flowly and with nearly 
an uniform Motion in Water, tho' in the Solid much heavier 
than it. Alfo a Bullet ihot from a Gun will go much farther 
and with a greater Velocity than a Charge of (mail Shot of the 
-^ fame Weight, or a Ball of Cork of the fame Size, which in 
Vacuo would go much farther than the Bullet, as admitting a 
vreater Velocity with a leis Quantity of Matter, from the 
iame Momentum of the Powder. 

1 1 . If Bodies (equal and homogeneous) move in the fame 
Medium with different Velocities, diofe which move&ileft will 
fooneft acquire an uniform Motion, iince (as will be (hewn) 
the Reiifbnce in fuch a Cafe incr^es with the Squares of the 

'Velocity. If the Velocity with which a Bodyns projected 
downwards be equal to the uniform Motion Af a^e Defcent, 
the Motion will be tvtry where uniform, becaufe the Refin- 
ance of the Medium is equal to Gravity. But if a Body (as a 
Ball from a Cannon) be projedted with a Velocity greater than 
that, the Motion will be retarded, inafinuch as the Refiflance 
is now gireater than Gravity, and fo will diminiih the uniform 
Motion, arifing from the Equilibrium juft mentioned. 

1 2. Hince )^ht Bodies (as an Arrow) thrown dire£Uy up- 
wards, fpend len time in rifing than falling, becaufe th^ Mo- 
tion upwards is altogether retarded, whereas that of the De- 
fcent \b in fome Part uniform. Alfo the greater the Velocity 
with which a Body (as a Bullet) enten a denfe Medium (as 
Water,) the led the £ffed at a given Difbnce therein; and 

. with the greater Force they are rdledled or thrown oat again, 
when projeded obliquely, as we iec in a Scone thus thrown 
inio the Water, tic* 

vity. 
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vity. (2.) The Force of Gravity compelling a 
Body, as A, to delcend on an inclined Plane 
BD, is to the abfolute Force of Gravity as the PtaeV. 
Height of the Plane B C to its Length B D. (3.) ^» *• 
The Spaces defcended are as the Squares of the 
Times. (4.) The Times in which different Planes, 
BD, BH, of the fame Altitude BC are pafe'd 
over, are as their Lengths refpeftively. (5.) The 
Velocities acquired by defcending through fuch 
Planes at the loweft Points, D, H, are all equal. 
(6.) Therefore if a Body defcends from the fame 
Height through feveral contiguous Planes, ever 
fo different in Number or Situation, it will al- 
ways acquire the fame Velocity in the loweil 
Point. (7.) The Times or Velocities of Bo- . ^^^ 
dies defcending through Planes fimilarly fituated, 
or alike inclined to the Horizon, »as DB, EC, Fig.*, 
will be as the Square Roots of their Lengths, 
DB, EC (XXVII.) 

(XXVil,) Let BD be an inclined Plane, A a Body de- Hate YI. 
icending thcreosg; from the Center C draw C£ perpendi- Fig. 4« 
calar to the Plane, and CG perpendicular to the Horizon or 
Bafe CD, and meeting the Plane in F. Now fuice the Body 
'gravitates in the Direftion CF, let CF reprcfent the Wcigli 
of the Body or abfolute Force of Gravity; this may be 
refolvM into two Forces^ adUng in the Diredion C £ and £F, 
of which the iirfl is perpendicular to the Plane, and is that by 
which it preiTesor ads upon the Plane; but finc^ the Plane 
equally a£ts upon the Body in a contrary Dire^on, that Forc6 . 
CE is wholly deftroy'd. The Remainder therefore, EF, is 
that which carries the Body down the Plane, as adling in a Di- 
reftion parallel thereto ; and this is callM the Relative Gravity* 

2. Nowbecaufe of the iimilar Triangles CFE, DFG, 
DBC, we have CF : FE :: DF : FG : BD : BC; that is, 
the Ahfiilute Gnwity CF is to the Refidual or Relative Gravity 
FE, as the Length of the Plane B D /(? the Height thereof ^Q. 

i. Alfo ikce the Triangles B D C and BC I ar^ fimilar (CI 

F 2 Froh 
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From thefe Properties of Bodies defccndirig 

OB Inclined Planes, we deduce th^ following Co- 

:> rojl^ies, viz. (i.) That the Times. in which 4 

' ^ Body, dcfcends through the Diiuncter B C, or any 

being drawn perpendicular to B D) ; and fince the Spaces de- 
icribed in the fame Time in the Perpendicular and on the Plane 
will be as the Power» of Gravity, or accelerating Forces ii^ 
thoie Directions, that is, as BD to BC, or as BC to BI (for 
BD : BC : : BC : BI). Therefore BI will be the Diftance 
4leicended on the Plane in the fame Time as a Body would 
4^icend freely in the Perpendicular from B to C. 

4. Since the Motion on the Plane is accelerated, the Timp * 
of defcribing BI wiU be to the Time of defcribing BD, at 
t^il:t/BD::/:T; and lb /* : T» :: BI : Bfi; but, 
(bccaufcJBI : BC :: B C : B ^ we juve B I : B D :: 
BI* : BC* ; therefore /* : T* :: BI* : BC*; and fo / ; T 
:: BI : BC :: BC : BD; confeqtuntly the Time of de- 

finhing B I or B C wll he to the Time of difcending through 
***" tbePlane^'D^ as tbeHeighttf the Plane 'BQ to its LengtbBD. 

5. Hence the Time (TJ of defcending thro' any other 
Plane BH of the/ame Height {Fig. 6.) is to to the Time ft) 
of the Defcent thro' the Perpendicular BC, as BH tx> BC| 
that is, 7": / :: B H : BC; but it is alfo T : / :: BD : BCi 
therefore ix ^equo, we have T \ T :\ BD : BH| or the 
Times of defcending tbro* federal Planes BD, BH, ofthefanu 
Mfighty are as the Length of the Planes, 

6. The Velocity acquired in falling to C, is to the Veloeity 
atl as BCtoBI, (for the Velocities generated in the iamo 
Time, muft be as the Powers which produce them) Alio the 
Velocity at D is to that at I 33 i^BD to the V^B I j or Y : 
#[2 :: V'BD : i^B 1 5 and fo V» .V^ :: BD : B I :: BE* : 
B I*, therefore V ; r :: B C : B 1 5 fince Uien the Velocity 
at C«an.d D have both the fame Ratio to the Velocity at I» 
they mud be equal to each other. 

7. In the fame Manner it is fhewn that the Velocity at H i« 
equal to the Velocity at C ; and confequently the Velocide^ 
acquired in defcending thro' Inclined Planes of the fame 
Height are always equal. 

Plate VI. ^- Hence a Body deiceudmg thro' feveral Inclined Planea 

Fig. 2. ' '^^* ^-^J ^^» contiguous to each other, will have the 

* fame Velocity at the Point D^ as it would have acquired h| 

faOing freely thro' ^ {kme perpendicular Height i^C, for 
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Chord BE of a Circle, are equal Hence, (i.) 

All the Chords of a Circle are defcribed in equrf 

Times. (3.) The Velocities acquired ih defcwKl^ 

ing through any Arch of a Circle EC, in the 

the Velocity at F is tie fame it would have had by defccnding 
thro' G F, which has the iame Akitudc ; and the Velocity at 
£ is the £ime it would have gained by defcending thro- BE ; 
confequently the Velocity of D is the fame it would acquire 
by defcending thro' fiD» and therefore the fame it wobM havt 
by falling freely thro' the Perpendicohu* BC. 

9. If now we fuppofe the Number of thofe contiguous 
Planes infinite, and their Lengths infinitely fmalf, dicy will 
then conftitute a Cur<ve Une ; whence it follows, That<a Body 
defcending thro' the Arch of any Curve B H will acquire 
the fame Velocity in the loweft Point H» as it would have at 

' C, by falhng thro' the fame perpendicular Height BC. 

10. If there are two Planes BD, and CE, fiimlarly fituated, piate VI. 
or alike inclined to the Horizon A£ ; the Thne of the De- pjg^ -^ 
fceht on D B, will be to the Time of the Defcent on C E, lis 

Square Roots of their Lengths ; for the Time on B D is to 
the Time thro' BA, as DBto BA (by Jrt. 4.) and the Time 
<m CE is to the Time thro' CA, as CE to CA; btt the 
Times thro' B A and C A are as the Square Roots of B A and 
CA; and fince by fimilar Triangles we have i^BA : 
•CA :: i/BD : •CE, it follows. That tht Times of Di- 
font on two fimilar Planes D B andC i» are as the Square RoHs 
^ their Lengths, or as V^BD to V'CE. 

1 1. From what has been demonihated in the preceding Plate V. 
Articles, it follows (i.) That the Times of defcending from Fig. i* 
B to I, and to E, are equal, being each equal to the Time of 
Defcent thro' the Perpendicular BC. (z.) ?qt the lame Rca- 

fon the Defcent thro' IC and EC, and confequently thro* all 

the Chords of a Circle, are equal. ( 3 .) The Velocities at C ac . 

quired by the (aid Defcents are as the Lengths of the Choidt 

IC and EC. For fince BC:EC::EC:CF we have 

EC* IC* 

BC ="5-^ ; and for the iame Reafon B C — ^r^ whence 

EC* IC* ^ 

|r^ =GC ' ^^ therefore IC : EC :: • G C : V^F C* 

that isy as the Velocities in the Defcents through IC and 
EC. YW Laftly, fince Times of Defcent through 
the Planes DB and EC are as VdB to i^EC, Aey 
will alfo be as l/B A to l/C A ; for DB : EC :: BA : CA. 

F 2 lowcft 



7© Mechanics. 

lowefl Point C, is equal to that which wotdd b^ 
acquired in faUlng through the fame perpcndi- 
. cular Height FC. (4.) The Velocities acquired 
in descending through the Chords I C, EC, of a 
Circle are, at the loweft Point C, as the Lengths * 
of thofe Chords. (5.) The Times of Defccnt 
through Chords of fimilar Arches, D B, EC, are 
as the Square Roots of the Semidiameter^ AB, 
A C, of the refpeftive Circles. 

From thefe Properties, and their Corollaries, 

PUtcV, the Doftrine of Pendulums is derived. A 
* '* Pendulum is any Body B, fufpended upon, and . 
moveable about a Point A, as a Centre. The - 
Nature of a Pendulum confifts in the following 
Particulars, (i.) The Times of the Vibrations 
of a Pendulum in very fn^all Arches are all e- 
qual. (2.) The Velocity of the Bob in the low- 
eft Point will be nearly as the Length of the 
Chord of the Arch which it defcribes in the I)e- 
fcent. (3.) The Times of Vibration in different •* 

Pendulums, AB, AC, are as the Square Roots 
of their Lengths. (4.) Hence the Lengths of 
Pendulums AB, AC, are as the Squares of the 
Times of their Vibrations, (5.) The Time of 
one Vibration -is to the Time of Defcent through 
half the Length of the Pendulum, as the Cir- 
cumference of a Circle to its Diameter. (6.) 
Whence the Length of a Pendulum vibr^ing 
Seconds will be found 39 Inches nearly ; and of 
an Half -Second Ptndulum 9,8 Inches. (7O An 

Fij. 4. uniform homogeneous Body BG, as a Rod^ Staffs 
&c. which is cm third Fart longer than a Pen- 

dulum 
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dulum AD, will vibrate^ in the fame Time with 
it (XXVIII). (8.) T\a^ Centre of Ofiittaiion E 

(XXVIir.y I. A« the Doarine of Penddanu and Time- 
keeping Inftruments depends in a great Meafure upon the 
Cycloid, I think it neceflaiy here toihew the Nature andUfe 
of that Curve, with regard thereto. If a Circle A BC, in- Plate VL 
fitting on a right Line A L, begin to revolve in the Manner of Fig. 4. 
a Wheel, from A towards L, the Point A will by its twofold 
Motion- defcribc the Curve AC D IL, while the Circle 
makes one Revolution from A to L. 

2. This Curve is call'd the Cycloid, and from the Defi- 
nition 'tis evident (i.) That the Baje of the Cycloid AL is 
equal to the Periphery of the generating Orcle ABC, (z.) 
The Axis of the Cycloid F D is equal to the Diameter of the 
faid Circle, (y) That the Part of the Bafe KL is equal to 
tJieArchofthe Circle IK. (^.) Therefore KF (zrMEs 
IG) is equal to the remaining Arch IH, orGD. ($,) That 
the ChoJtl of the Circle KI is perpendicukr to the Cycloid in 
the Point I ; and (6.) Therefore the Chord H I <being at 
right Angles with IK,) is a Tang^it to the Curve in th^ 
Point I. (j,) The iaid Tangent HI is parallel to the 
Chord DG. 

3. Parallel to £ I -draw ei indefinitely near, and Ik per<> 
pendicular thereto; then will the Triangles DGE, DGF, 
I*/, be fimilar, and fo we have D£ : DG :: Y>G : DF 
:: I« : Hi that is, (putting DF = a, and D£ =:x 

DI=:«,) ;r: •tf;r ::•«*:*::*: i= 1/= ^7= 

= Fluxion of the Arch D I, whofe Fluent is 2 i^ « * =s 
2 DG =: the Arch D 1 5 and confequently, the Semicydoid 
D I L = 2 D F, the Diameter of the generating Cirde. 

4. Let AID be a Semicydoid inverted; and foppofe a 
flexible String faften'd at one End in A, and ftretch'd along 
the faid Curve AID, fo that the odier End of the String 
ihould be made to coincide with the Point Dj whence th» 
Lenp;th of the String will be equal to that of the Curve : If 
novTthe End of the String be taken from D, and with a tight 
Hand be drawn from the Cydoid, it wiU, in its Evolution, 
defcribc the Curve DBC, the Nature of which we arc now 
to inyeftigate. 

5. Let the String, in evolving, be in any Situation AIHB, 
then b I B (cair4 the Radius of E^lution) cqual.to the Part 
of the Cydoid I D. Put FD r= A K =tf. DE = x, 

F4 C^ 
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CO=:j, CB = K, then 18 */ = i, BazrzOpzzy^ 
B* = i } and (by w*f. 3.) DI = (I B=:) zJ/'T Z, w&ofe 
Fluxion is ;r V'-i = 1/ j therefore x X ^^ ^-^ x^ =. 



(If — 1« — ) -— -- — -.irl« , whence I » =^ 
but In : If :: r« : cB :: ^ B : B^ sc 2=3 




-——si; M 1/ : »/ :: IB : MB=: 2;r ; therefore 

BM — BN = MN = IQ^rz: ED = x. Confeqafent- 
Iv BH = HI} and alfo CK = K A, becaofe all the Ra- 
dii of Evolution (of which AC is the laft) are bifeaed by die 
BafeLDi therefore CK — OK =.« — a: = OC =j^; 

whence V'} = •« — x, and fo « = ^ f ^^ ; therefim 

« = 2 V tf J? ; confequently the Curve C B D, having the 
feme Property with AID, is every way equal and fimMar 
; thereto. 

6. Whence it appears that if A C be the Length of a Pen- 
dulum fo difpofed, as to vibrate between the two Semicy* 
cloids AD and AL, the Bob will dcfcribe in its Motion the 

, Cycloid DCL. The Properties of which Motion will now 
* eafily appear •: For with rcfpcft to the Velocity acquired by 
defcending thro' any Arch R C or B C, it is always -as' i/ OC 
which is'as the Chord S C z= i R C ; confequently tJi^e F^lo^ 
mty at C is tveryn^hre as the Space pafs'd through, or as the 
Arch of the Cycloid defcrihed in. the- Defceut. 

7. But fmce it is always S = T V, in all kind of Motions ; 
if m any Cafe S be as V, tis evident T mufl: be a given Qim- 
tity, or always the fame. That is. When the Spaces (S, j,) 
are as the Velocities (V, v,) the Times (T, /,) will be always 
equal; and therefore all the Arches of a Cycloid, great orfmalL 
itre defcrihed in equal Times. 

S . If we put C K =: <y, K O = ;r, t hen will g S C = R C =a: 
z%/aa — ^ a; 5^if the Defcent be from L to R, the Velocity'' 
at R will U\^xz=z Vp K. Now CO : C S (:: CS : CK) 

:: Kg : Rrzzz , t— r = 2;, the Fluxion of the Arch 

^«<f— «*• 

L R, which divided by the Velocity •T gives thp Fluxion 

of 
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\/ aax'-^axx ^/ay S/ax'^xx 

|«^ii^l?litTinnftf Ai* circular Arch K S ; theie- 
^ax '-— XX 

K S 
fore the Fluent of the Time of Defcent thro* LR is Arch — ::s: 

^/ a 



wherefore when S coinddes with C, LR will become LC ; 
and fo the Time of Defcent tfaro* the Semi-cydoid will be 
KSC 

Q. Therefore the Time of Vibration thro* the whole Cr- 
2KSC 
doid LCD is — T-= ; and the Time of Dcfcentthro* the 
V a 

^_ 2KSC _ 

Perpendicular KC =41 being VC A y we have "77^=? ^y^ 

z: 2 KSC : a. The Time of a Pihration in the Cycled is f the 
Time of Defcent thro'' half its Lengthy as the Circumference of a 
Circle to its "Diameter ^ ora83,i4i59toi. 

10. If AC be the Length of a Pendulum vibrating Seconds, 
it may be eafily found, fince it is known by moil accurate £x- 
periments, that a Body defeends freely by Gravity thro^ 1934 
Inches in the firil Second of Time; therefore by making this 
Analogy, as 3,14159* : 1* :: 193^ : 19,6 = A K, and fo 
AC =: 39,2 Inches, the Length of a fecond Pendtdmrn, as re^ 
fidr*d. And fince the Lengths are as the Squares of the Times 
of Vibrations, we have 4:1 :: 39^2 : 9,8 Inches, the Length 
of an half'fecohd Pendulifm. 

1 1. Since the Length of a Penduhmi AC, for vibiatbg Se- 
conds, is fo confiderable, the Bob, without the Cydoidal 
Checks A L and A D, will indeed deferibe the Arch of a Cir« 
de, as/C^, when it vibrates, but then this Circular Andi 
will, for (bme Diflance on each Side the lowed Point C, coin- 
cide with the Cycloid very nearly, as for Example, to g and 
b ; and hence it follows thsit a common Pendulum, vibrating 
thro* very fmall Arches gh^ will perform all its VilHadons in 
equal Times. And hence the above-mendoned Cydoidal 

Checks <:ame into Difufe. 

1 2. Hence the Time of Defeent thro* the Chord Cg k to 
die Time of Defcent thro* the Aith of the Cirde or Cycloid 

y— 4 P 

belonging to it as v 4 a (fuppofing AC'szza) to T7=S or 

«5 2*tofP, thatis, as « to iP=iliiiiSt=s 0,7354,' ttr 
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T^HE grcatcft Inconvenience attending this moft 
ufcfiil Inftrumcnt is, that it is conftantly liable to 
an Alteration of its Length from the Effefts of 
Heat and Cold^ which very fcnfibly expand and 
contraft all Metalline Bodies, as will be very evi- , 
dent by 'the Pyrometer (XXXI). 

the Gravity under the Equator is to the Gravity with iu» as 
391 to 392; as being proportional to the Lengths of the 
Pendultuns (Atmotat, XXIII. Art, 1 3J Whence it is evident . 
the Sorfece of the Earth is farther diihnt from the Centre un- 
der the Equator thaii in our Latitude, and therefore is not 
Spherical. What the true Figure is, and whence it pro- 
ceeds, will be (hewn hereafter. 

.2. To the Ufes of a Pendulum above-mentionM may be 
added another moll confiderable, viz. ^hat a Pendulum is an 
^uni*uerfal Standard of Meafitre^ becaufe the Length of any 
Pen4ukm is known by the Time of its Vibration ; and there* 
fore may be compared with the Length of a Second Penda* 
lum as 2 Standard. Thus fuppofe a Japonefe was enquiring 
the Length of the Englijb Foot, and was told it made 100 
Vibrations in the Time a Second Pendulum made 55, he 
would immediately know the Time of a fingle Vibration ia 
each muft be inverfely as thofe Numbers, iftn. as 55 to 
100; and then, that the Lengths of thofe Pendulums were 
as the Squares of the Times, 'oix. as 100 : 55^ :: 39,2 : 
12 = the Length of one Foot. 

3. Hence j if the Length of a Second Pendulum were 
made to coniift of 1000 equal Parts, the Lengths of the 
Meafure made ufe of by all Nations might be compared 
therewith, and exprefsM in thofe Parts ; thus the EngUfi^ Foot 
would be found equal to 306,9 nearly ; for as 39,2 : 12 :: 
looo ; 306,9 fere. And thus for any other. If this Me- 
thod of afcertaining the Meafures were uied by all Nadons, 
it would entirely preclude all Doubts and Obfcurity in this 
Affair to Pofterity. 

(XXXI.) I. The Pyrometer which I have contrived to 
Aew the Extenfion of heated Metals, £sf^. is perhaps the 
moH iimple, exa£l, and eafy, that the Nature of fuch a Ma- 
chine will admit; and the Manner of computing its EBFedt is 
AS follows. 

^. AB is the Diameter of the Axis or Spindle on which 
the heated metalline Bar is kid, and is moved by its Exten. 

When 
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When Pendulums were firft apfdied to Clocks, 
they were , made very Ihort; and the Arches oi 
the Circle defcribed being large, the Times of 
Vibration through different Arches could not, in 

fion ; on the other End is fix*d a finall Wheel CEDP, whick 
28 connected by a iilken Thread to a finall Pmioii Wheel 
GHy which on its Extremity carries a fine Xndoc over the 
Dtrifions of a large graduated Cnd* I KL. 

3. Now admitting the metaUine Rod extends tt^^ Fut ^ 
of an Inch, *tis plam the Circumlerence of the Axi^AB, om 

which it lies, muft be moved throagh the fame Space ; and 
fiippofing the Wheel EF to be in Diameter lo Times as 
large as the faid Axle AB, the Moddn at D wiH be lo 
Times as Mat, or the Pomt D will mpvc throagh tw5 I^ 
of an Inch. But juft fb much as D moves, will the Peri- 
. phery of the Pinion GH move, they both movmg with die 
fame Thread; if therefore the Circle I£L be in Diameter 
10 Times as Ikr^ as that of thePinioa GH, the Motion of the 
Index (which it carries) on its Ciicianference will be lo 
Times as great, nnx. ji^ Pm of an Inch, which will be vi* 
fible to the Eye : Confeqoently every Inch on the ^aduatMl 
Orck win fliew the Ext^nAon of {iooxTTO?5r-)TOT ^Mt 
of an Inch in the Metal. And fo if the wIk^ Ciroimfc- 
rence of the Circle I K L be lo Inches, one Revolution of dio 
Index will (hew the Expanfion of I? of an Inch in the hfeial. 

4. Hence it is eafy to obferve, diat if the Wheel EP, and 
Ciide IKL, be enlarged in any Proportion to the Axles AB 
and GH greater than what I have affign*d^ the Power or 
MsB, of the Machine will be increaied in the fiune Deg^s 
and hence this Inflmment may be conftruded to ihew very 
great Expanfions of the Metab with the otmoll Degvee ot 
Accuracy. 

5. The' Reader may be curious tp know m what IVopor* 
tion the feveral Sorts of Metals are e^^anfibk, which I AmJI 
here fliew in a Table made from the Experiments of Pro* 
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that Cafe, be equal; to efFeft which, the Pendu- 
lum was contrived to vibrate in the. Arch of a 
Cycloidy the Property of which Curve is, that a 
Body will descend from any Part thereof to the low- 



6. Here we obferve the Expaniion of Iron to be the leaft 
of all Metals, and that of l!in and Lead the greatefl« and 
nearly equal with one Flame. Hence the Rods of Pendu- 
lums ought to be made of Iron, and alfo all Meafures of 
Lengtl), as Yards, l^c. and whatever elfe we would not 
have altered by Heat and Cold. 

7. The Method of remedying the Inconvenience arifing 
from the Exteniion and ContradUon of the Metalline Rod of 
Pendulums, is by applying the Bob with a Screw, by which 
means the Pendulum is at any time made longer or (horter, as 
the Bob is faewM downwards or upwards, and fo the Time 
of its Vibration is continually the fame. 

8. If a Glafs or Metalline Tube, uniform throughout, 
£ll*d.with Quickfilver, and the Length of 58,8 Inches, were 
applied to a Clock, it would <uihraU Secotids (for 39.2 = •! 
of 58,8) and fuch a Pendulum admits of a twofold Expan* 
fion and Contxadion, *viz. one of the Metal and the other 
of the Mercury, and thefe will be at the fame Time contrary, 
and therefore will correal each other. 

9. For by what we have (hewn, the Metal will extend in 
■^ Length with Heat, and fo the Pexidulum will vibrate flower 

on that Account. The Mercury alfo will expand with Hear, 
and iince by this Expanfion it muft extend the Length of the 
Column upward, and confequently raife the Centre of Ofcil^ 
iation, fo that by this means its Diftance from the Point of 
Sufpedion will be fhorten'd, and therefore the Pendulum on 
this Account will vibrate quicker : Wherefore if the Cir- 
cumftances of the Tube and Mercury are ikilfuUy adjufted, 
the Time of the Clock might by this means, for a long 
Courfe of Time, continue the fame, without any fenfible 
Gain or Lofs. 

ID. This is the Invention of Mr. Graham in the Year 
f 721, who made a Clock of this Sort, and compared it with 
one of the beft of the common Sort for three Years toge* 
ther, and found the Errors of the former but about i Fan 
of the latter; of which the Reader mi^y fee a fajther Ac- 
count in PJbU. Traf^. N*. 392. 
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efi Point in the fame Time, and fooner than by any 
other Way (XXXII). 

(XXXII.) !• How far the Cycloid i^ conceniM in the Fea^ 
dulum, has been fhewn ; I (hall now (hew. that this is the 
(Mr*ve of quickeft Defcent\ for let AH C be the Curve of Hale VI. 
qoickeft Defcent, then will a Body defcending from A pais Yxz. 7. 
from H to D fooner in an Arch of this Curre than in any other^ , 
between H and D \ let the Point G be taken fuch^ that, drav^ 
ing H F, G E parallel to the Axis A B, they may cut off 
IGzzED, in the Perpoodicular KG and lA^. Since the * ' 
Point D is given, LD is conflant, as alfo IGrrDE, be- 
Qufe the Point H is invariable, and therefore alfo K G is 
conftant ; but the variable Quantities are HI, HG, and 
GE, GD. 

2. Now put KG = ^, l.i:^z=.c, an^IGrrEDzz:/; 
alfoHI =r o/and GE = gj then will th e Vel ocity of the 
Body at G be as s/ YLQ, and at D as • LD. And £nce 
the Times are as the Spaces pafs'd over diredly, and the Ve- 
locities invcrfely , the Ti me of paffing thro' HG will be at 

HG /i* + a;* 

T /g-g = V — ^ — ; andtheTimeof dcfcribingGD, 

3. Bat th e Sum of thofe Times is the leaft poffible, v;«, 
• ^'^'^^ 4. y/^^Eiy^Mimnttm. Confequently its Flu-r 

— ** 5 but fince H F = ««+ « = a conftant 



Q^tity, we have *£> + * ^^ *» ^^ fo v =s — i 1 and 
therefore . ' ' ^ , ^ = \ \ therefore v r* 

V^J^Ip? = «*4^^-f^% whence •^/^ 4-^* : i/^+K* 
M : «4i I that is, GD : GH :: H I x LDt : G E X 
KGi 

4. But G D, HG are the Fluxions of the Curve ; H I, 

GBi the Fluxions of the Abfnfa AM, AK / and KG» 

. LD are the Ordinates to the Points G and D. Thertfire tht 

f^fxhui ^:ht Qtrtfi o/Jkvtytefi De/ant are 9V^ nvhert at ikf 
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The Motion of Projectiles comes next to 
be confiderM. A Projectile is any Body A, 
thrown or projefted in an upright^ obliqne^ or ho- 
rizontal Dircftionj as a Stone from the Hand, an 
Arrow from the Bow, or a Ball or Bomb from 
a Cannon or Piece of Ordnance. The Force 
with which the Body is projefted is call'd the 
iMPtTus^ and the Diftance to which it is dirowii 
is caird the Horizontal Ranpom or Ampli- 
tude of the Projeftion. 

Every Projectile is afted upon by two Forces 
or Powers, v%%, the Impetus of the pojeEHle Fbrce^ 
and that of CrdnjUy. By the firft, the Body paf- 
fes over equal Spaces^ A B, B C, CD, 6? r, in e- 
gual Times ; and by the fccond, it defcends through 
•Spaces AG, AH, A I, (^c. which are as the 
Squares of the Times; and therefore by theft two 
Forces compqunded, the Body will defcribe, not 
a Right Liney but a Curve A Q^; and of that 

Fluxions tf the PAytoSbRiBreBly, and the Squari Roots rf the Or^ 
Snates iwoerfdy, ' 

5,. But this is the Property of the Cycloid; for putting 
AK = ;r, KG = BN=j^, andBC = «;^ the Trianglo 
ONC and G£ Dare fiDular by the Nature of the Curve ; 

Sind therefore ON : OC :: GE : GDj that is, ay-^yy'^ : 
ma ^^yy :: x : ' ■ ^ r- = ■ ■ . r .* sa 

' ', *=:GDj but «^ IS a given Quantity, therefore G D 

^ every where as -^ , or direaiy aa the Flopon of the 
V y^ 

•Abfeifi A K, and invcrfely as the Square Root of the Ordi- 
Mte R G, and cpofequcntly the Cycloid is tke Curve offixjiftefi 
l^fi^. Sce,Awrifr.XXVIlI.3, - ^ 

Sort 
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Sort which we call a Parabola-^ and this will he 
the Cafe in all Diredlions but that in the Perpen- 
dicular, when the Path of the Pcojedile will hg 
(to Appcaranqe) a Right Line. The greater the 
Angle of Elevation K A M of the Cannon is, p* V * 
the greater will be the Height DB to which the 
projedted Body will rife. Alfo, the greater will 
be the Diftance or Amplitude of the Projedion, 
till the faid Angle becomes equal to 45 Degrees 
K A O ; upon which Elevation the Random A C 
will be the greatefl poflible, and equal to twice 
the Altitude AG of the perpendicular Projeftion. 
On any Elevation AM or AM, equally above 
or below 45 Degrees, as on 40 and 50, 30 and 
60, 20 and 70 Degrees, the Random A C will 
be the fame; which Cafe an Engineer frequently 
finds of very great Ufe. 

If the Objedt be fituated above the Horizon, 
then, in order to ftrike it with the leaft Impetus^ 
let a Piece of Looking-glafs be fix*d to the Can- 
non perpendicular to its Axis*, and holding a 
Plumb-Line over the Glafs diredly under the 
Eye, the Cannon is to be elevated till the Objedt 
appears exadly under the Plummet, and there 
fix'd; if then it be difcharged, it will ftrike the 
ObjeA as required. 

From what has been faid, we may eafily un. 
derftand how a Body projefted upright from the 
Earth's Surface does really defcribe a Parabola, 
though to Appearance it afcends and delcends in 
a Right line. For it is urged by t^vo Forces, 
SJiz. the Projcftilc upwards, and the Force arifing 

G from 
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from the Motion of the Earth about its Axi« 
from Weft to Eaft'y in which Cafe it miift nccef- 
laray dcfcribe a Parabola (XXXIII). 



pi^jg V (XXXIII.) I. In the Parahola^ it is demonlhated that Ac 
Fiir c 6 federal Mfdjfte AG, AH, A I, l^c. arc as the Squares of 
^" ^' the Ordinates GM, HN, lO, 6ff. and finccthis b thePro- 
perty of the Curve which die Projedik defaibes, 'tis evi- 
dent the Projedile deicribes a Parabola. 
Pig. 7. ^' ^^* -^^ reprcfcnt the Force with which a Ball is pro- 

jeded from the Cannon in die Ditefdon AM; this may hm 
refolved into two others AL and LM, of which the fihl i3 
perpendicular, and the latter parallel to the Horizon. The 
perpendicular Force or Velocity AL is that by whidi the 
Ball rifes, and the Heights to which it will rife with the Ve- 
locides AL and AM are as the Squares of the Veloddes^ 

n;/«.as AL to AM; but (becaufe AL: AM:: AM: AG) 

AL: AM:: AL: AG; therefore fince AG rej^efents die 
Height to which the Ball will rife with the Velocity AM, 
AL will be the Height to which it win rife with the Velo- 
city AL, or in the Proje^on on the £levadon AM; thus 
BD=AL, 

3. The Velocity of the Prcjedion LM in die hoiizontil 
Fig. 6. Dirc^n is every where uniform, or carries the Ball throu^ 

equal Spaces A |l, RS, ST, TV, VW, in equal Times. 
For by the fingle Impetus 6f the Powder, the Ball defcribes 
equal Spaces AB, BC, CD, &c. in equal Times in the Di- 
rc^on AF, as has been ihewn; therefore by the Similarity 
of Triangles AR, RS, ST, 6rr. wiU be as AB, BC, CD, 
&r. that is, ^e borizcntal Spaces pa/s^dover in the FrfjtQiaut, 
•%vii7, in equal Times ^ be equal, 

4. Now fince tlie perpendicular Velocity is to the horizontal 
Fig. 7. Velocity as A L to L M, and A L is die Space pafs'd throii|^ 

by the former-in half the Time of the ProjefUon, L M woidd 
be the Space pafsM through in the horizontal Dire£Uon in. 
the Ikme Time, if the Velocity LM were of the fame Sort 
with A L, viz. unfformly retarded, and aeceUratedi but fince 
LM is not retarded, but uniform, k will carry the Bochr 
through twice the Space LM in Ae fame Time(if«w/.XXVl. 
7.) tkft is, through AD — LBzr 2 LM. 

5. And fince the Time of the Afcent from A to B is c- 
qual to the Time of Defccnt, the Ball will l^s over HC^ 

I SHALU 
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I SHALL in the laft Place confider the Nature of 
Circular Motion and Central Forces. PJat« V* 
If a Body A be fufpendcd at the End of a String ''* ** 
AC, moveable about a Point or Pin C as a Centre, 

AD m the Time of die Defcent fiom B to Ci therefbiv the 
horizontal Space AC, which the Ball pafles over during the 
^hole Time of the Projedion, is eqoal to 4 times LM, where* 
ever the Poiilt M be taken in the Clitromference AOG. 

6. Hence when AO is the Diretton of the Cannon, (O 
being the middle Pomt of the Semicirde) the Line 
NO, which is the horizontal Velocity, will be the greateft 
poffible (from the Nature of the Circle) and confequentlT 
4NO=:A(^ tbi gnateft foJJAle borhoMUal Riuubm; whi^ 
therefore is made on an Angle O A K=r45 Degrees. Por 
OAKrzAON-OAN.becaufeNO-ANj therdbiefince 
ANO-90% AON=rOAN=:OAK=45^ 

7. HcnceAN~FE(z:NO-^AQjwiUbetheHe^ht 
of the Projcaion on the Angle OAKrr45**. ff^betiei A(^ 
nvill hi the Parameter, or Latos Redum, ef the Parabola 
AFQ^ 

8. If MO = OR, then wiU LM=:TR; and code, 
quently the horizontal Rjuidom on the Elevation AM, and 
AR, will be equal, nn%, AC; but the Height of the Pko* 
jeaion on A& will be AT=:SD. Wbence tbe Heigbt 
SJ> is to tbe Heigbt T}^J> (asKK te lAK) as tbe Taagent 
•f tbe Angle of Elevation RAK to tbeTamgcnt of tbeAwk 
MAK. 

9. From what has been demonftrated 'tis ealy to under* 
fiand, that an Objed fituated on the Horizon may be hit by 
a Ball difcharg'd on an Elevation of 45® with a lefi Charge 
49f Powder, tlun on any other Angle of Elevation. 

10. The Time of the Projedion ABC is equal to the 
Time of the perpendicular Afcent and Defcent through A L or 
DB, (becaufe the horizontal Velocity does no way ^ed that 
in the Perpei&dicular.) But the Time of Afcent and Defcent 
in AL is to th at in AG, asV^ALtoV^AQ; that is,(finct 
AL : A G :: "Xm* : AG*) as A M to AG ; that is. becaufe 
AG: AM: :AM: AL-MK) as MKtoAM, or^x 
the Sine of tbe Angle of Elevation MAK to tbe Radius. 

1 1 . Therefore the Times of two different Projcftions ABC, 
ASC, will be as the Chords AM and AR« or a9 the Smesof 
the Angles of Elevation to the Radius AG, • 

G 2 And 
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and in that Pofition it receive an Impulfe or Blow 
in an horizontal Direftion, it will be thereby com- 
pell'd to defcribe a Circle about the central Pin : 
While the circular Motion continues, the Body 

12. Suppofe it required to know from what Height a 
£ody oQgbt to M to acquire fuch a Velocity, that, being 
refieQed in that Moment in the Diredion A F, it ihould de- 
fcribe the given Parabola A 0(^ In order to this we are to 
confider that (the Equation being x/ =:jr^) the Velocity rf 
a Ball ihot from the Cannon commences in the Diredtion of the 
Axis A L (or Abfcifs ;r) in the Point A ; but that in the Di- 
ledion A F (or of the Ordinate y) is from BrSt to h&, the fame ; 
confequently there muft be a certain Point, to which the Ball 
having defcended, acquires a Velocity equal to that in the 

' Direction A F, which is uniform ; and this muft be when 

x'=.y. To determine which, putting the Equation xp'^zyy 
in Fluxions, we have xp — zyy ; but fmce in this Cafe we 

have ;r =j?, therefore/ = ly^ and J-. zziyz^ V^^, (f^ 

Equation ;) therefore J /* = xpy that is, J/ = *•. 

13. Confequently, if an heavy Body ML from the Height 
of \ of the Parameter of the given Point A, and in that 
Point it be reflefted (with the Velocity there acquired) in 
the Diredion AF, it will defcribe the given Parabola 

^ AOQ. 

14. If it be required to ftrike the Point B, whofe Di- 
Plate VI. ftance AD and Height B D are given, with the leaft Impe- 
Fig- 9- ius of all that will hit it, then m order to find the Elevation 

of the Cannon, draw AB, and EA perpendicular to AC; 
on the Point A defcribe the Arch abe^ which b]fe£t in b, 
then a Line A F drawn through that Point will be the Ele- 
vation of the Cannon as required ; and the leaft Impetus will 

be equal to ■ "^ . See the Demonftration of this by 

the Inventor Dr. Haliey in the Pbil. TrmfaSions^ and by Dr. 
KeiU. Itttrod. Pag. 280, 281. From a bare View of the Dia- 
« . gram the Reafon of the Ufe of thp Looking-Glafs and Pluu- 

nut is evident. 

15. If a Ball be projedled perpendicuhrly upright in the 
Diredion A F with a Velocity that will carry it to the Height 

f»2* lO' of one Mile, or 5230 Feet; it Will be 18 Seconds (nearly) 
, in the Afcent, and as much in the Defcent, (for, as 16,2 Feet 

will 
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will have a continual Endeavour to recede or fly 
ofF from the Centre, which is call'd its Centru 
fugal Force^ and arifes from the Horizontal Impetus \ 
with this Force it afts upon the fix'd Centre Pin, 
and that, by its Renitency or Immobility, re-afts 
with an equal Force on the Body by means of 
the String, and folicits it towards the Centre of 
Motion, whence it is call'd the Centripetal Force \ 
and when we fpeak of either, or both of them 
indefinitely, they are call'd the Central Forces of 
the revolving Body. 

It is of the laft Importance to underftand the 
Nature of this Kind of Motion, fince by it all 
the Machinery of the Planetary Syftem is per- 
formed, as will be eafy to underftand, if, for the 
revolving Body, we fubftitute a Planet; for the 
Centre, we place the Sun; for the Centripetal 

: 5280 Feet :: I* : ** ; whence ;r=: i8^ fere the Time of 
Aicent or Defcent.) Now in the ParaUel ot Londm, the Mo- 
tion of the £arth*s Surface, and of all Bodies upon it, is at 
the Rate of io,8 Miles /^ Minute, or 950 Feet per Second, 
from Welt to Bail: Therefore in 36 Seconds, the Time of 
the Afcent and Defcent, the Ball will be carried over 34214 
Feet, or more than ^ Miles, in the horizontal Dire&k)n £aft-» 
wards from the Point A to H. Now fince the Ball is carried 
at the £ime Time with a retarded Force upwards, and an 
uniform Force forwards, it will defcribe the Parabola ADK* 
And becaufe the horizontal Motion in the Spe£iator and in 
the Proje^ is the fame, they will be carried through equal 
Spaces AN, OB5 AM, PC; AL, FD, tfr. in the fajgn^ 
Time; and confequently the projededBall will always appear 
perpendicularly over the Speftator in every Point of the Curve; 
which is the Occalion of the Deception above-mentionM. 

16. Hence the Objection ufually urged againft the Motios 
of the Earth, from the apparent Aicent and Defqent of Pro- 
jeds in a Right Line, is the Refult of Ignorance; as indeed 
are all other Arguments of this Kind. 

G 5 Force^ 
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Force^ or Strmg, its Power of Attraftion ; and 
for the Frojcaile Force^ the Almighty Power 
of God in the firft Creation of Things. 

The Theory of this Species of Motion is 
Fig!%/ comprifcd in the following Propofitions, viz.. 
(i.) The projedile Force AH is infinitely greater 
than the centrifugal Force HE. (2.) The cen- 
tral Force is proportional to the Quantity of Mat* 
ter in the revolving Body A, all other Things 
being equal. (3.) If two equal Bodies A, B, dcr 
Icribe unequal Circles A M, A N, in equal Tiaies, 
the central Forces will be as the Diftances A Cy 
B C, from the Centre C. (4.) If equal Bodies dcr 
fcribe unequal Circles with equal Celerities, the 
central Forces will be inverfely as the Diftances, 
(5.) If equal Bodies defcribe equal Circles, the 
central Forces will be as the Squares of the Ce- 
lerities. (6.) If equal Bodies defcribing unequal 
Circles have their central Forces equal, their Per 
nodical Times will be as the Square Roots of the 
pittances. (7.) If equal Bodies defcribe unequal 
Circles with equal Celerities, the Periodical Times 
will be as the Diftances direftly. (8.) Therefore 
the Squares of the Periodical Times are propor- 
tional to the Cubes of the Diftances, when neither 
the Periodical Times nor the Celerities are given. 
And in that Cafe, (9.) The central Forces are as 
Squares of the Diftances inverfely. 

These are the Theorems of circular Motions, 
the two laft of which are found by Aftronomers 
to be ftriftly obferved by every Body of the Pla-r 
iietary and Cometary Syftem. For Example: 

The 
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The Periodical Time of Vmus is 225 Days, an4 

that of ihe Earth 365 ; the Squares of which 

r Numbers are 50625 and 133225: Ajgain, the 

f Diftance of Venus from the Sun is to (hat of the 

Earib as 72 to 100 j the Cubes of which Num- 

'bcrs are 373248 and loooooo'; but 50625V 

'33^25 : r 373248 : loooooo; that is, the Squares 

of the Periodical Times are as the Cubes of their 

Diftahces, very nearly. From hence alfo it will 

eafily appear^ that Bodies under the Equator have 

the greateft centrifugal Force, which there afts in 

• direft Oppofition to Gra^ty, and diminifties to- 

, wards the Poles, with the Squares of the Diftan- 

ccs from the Earth's Axis. Hence alfo U is eoi^ 

dent J that if ever the Earth was in a fluid State^ 

and at the fame I'ime moving about its Jxis, it muft 

necejfarify put on the Figure^ not of a perfect Sphere 

or Globe^ but of an oblate Spheroid^ flatted towards 

both Poles \ as is manifeftly fbewn by Experiment 

(XXXIV.) 

(XXXIV.) I. Let ADstf, the Diameter of the Ciide Plate V. 
AMD ; AH the Space whkh a Body A moves through in Fig. 8. 
a conilant Particle of Time by an uniform FnjeSlh force ; 
H£ the Diftance it is drawn from the Tangent AH by the 
Centrifetal Fprct (which is jufl fuffident to retain the Body 
moving m a drcuhir Orbit,) in the fame Time. 

2. Then fince AH is mdefinitely finall, the Arch AE» and 
its Chord, will nearly coincide and be equal to AH, and will 
therefor^ alfo reprrfe^it the Projeaile Force. Bat AD: 

AE:: AE: Atf= HE= ^ = thp Central Force. 
• AD 

Now A E is infinitely iwfXi in xefpea of A D» therefore RS 

or Aa is infinitely fmaU with refpe6ito A£. • 

3 . Ifthe Projeaile Force or Velocity A E ^;=V, and AD=i^ 

the general Expreffion of the Central Force wiD be •— 1 

G 4 which 
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which therefore in different Circles will be as the Squares of 
the VelocitUs MreSilj^ and imferfehf as tbi Diameters or Semi- 
Mameters of the Grcles. 

4. But in the fame Circle it will be Mre^fy as tbe Squares of 

ibe Felociiyi becanfe in that Cafe a is given. But if 

the Velocity be given, it wiV/ be as tbe Diftance from tbe Cen" 

V* I 

tre inver/e/y, (for thhi -^ bccojries — ) 

5. Hence if the Centnd Forces in two Ciftles be equals 
the Diameters of tbofe Qrcles^ or Diftance s from tbe Centre of 
Force f nvill be as tbe Squares of tbe Velocities £re^Iy, 

6. As AE : I :: 3,1416 a : P := the Periodical Time 
ofdefcribug the whole Cirele (for in equable Mouonsthe 

Spacesare as the Times,) Therefore P=: ^l^rr — ?; whence 
V* = pa ^^ , which fubftitttted in the Expreffion for the 



Central Force, we.have -''^' = ~ (becaufe 3,1416* 

IS given) for the Central Force in this Cafe ; which therefore 
is ahxjojfs as tbe Diameter or Radius of tbe Grcle direaly^ ami 
ibe Square of tbe PerioMcalTime inverfely. 

7. Hence if the Central Force be as any Power (n) of thd 

Diftance (a) from the Center C, we have ;^ = «" ; wh/encp 

^ = « a ; and therefore when « = ^, we have P = «2, 
or tbe Periodical Time <will be as tbe^ Square Root of tbe Di^ 
fiance. 

8* If « = I, that is, if the Force be direaiy as the Di- 
ftance, then will P = «-; = /r* =15 that is, tbe Periodic 
<a!Time 'will be given, or tbe fame in every Grcle. 

9. If«=2, that is, ifthc Force be direaiy as the Sqoaie 

of the Diftance, then P = i?— I = l^.^^f tbe Periodical 

Time mnll be as tbe Square Root of tbe Diftance inverfely. 

10. If » == — I, that is, if the Force be inverfely as the 
Diftance, then P =; a\ = a, or tbe Periodical Time will he 
direaiy as tbe Diftance from tbe Centrg. 

11. If « = — 2, or the Force be inverfely as the Square of 
the Diftance, then P = ai, or (fquaring both Sides) P* = 
f\ that is, Tbf Square of tbe PerioMcal Time luill i/ as tie 
Gibe oftbe Diftance from tbe Center. 

jl2. When 
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lis. When the Central Force is given, 5^ = i,andP=tf^ 

tliat is, thi PifioMcal Time kuill be as the S^Mote Pmt of tbe 

DiftoMces. 

V* Mf 

13. Since the Central Force is as — , and ts -L. we 

« P* 

have P V = tf ; tobence tbe Diftancefhm tbe Centrt is eihuotns 
in tbe Compoiuid Ratio of tbe Perio£cal Time and Vebciiy. 

14. Hence if the Difiance be given, or «= i, then the 
PerioAcal Tim is inver/efy as tbe Velocity^ and tbe Vehdty iu^ 

' wrfeiy as tbe Periodical Time. 

^ '5- ?^ ?* 7^^?^'^ ^ 8^^' ^ V= '» *c PeriedUal / 
Tme 'wtll be £reafy as tbe Di fiance from tbe Centre. 

16. If the Periodical Time be given, the Felodty nvill be 
dtreafy as tbe Diftanct likewfe. 

17. If we put/ = 3,1416; then/tf : P :: AE = 
^y-^sTjmeofdefcnbingAE. Again,as t* : 16.2 :: 

AE*XP* . i6,2Te*XP* .;...'' 

^»xtf* ' A* a* ~ Diflancc deicended by 

an heavy Body (in the ^ Time of defcribiDg AE) by 
the Fotcc of Gravity. Laftly, this Force of Gravity 

^ i6,iAE"xP' \. ^ , ^ ,^ ' /AES 

( ■ z 1 J IS to the Central Force ( ) as i to 

\ f a * ^ a f 

' f p, t that is, as 16,2 P* to /r/*, or as P* to 0,6 15 /r. 

^0,2 r -^ . ^ 

1 8. If now we foppofe a Body revolving about the Centie t 
of the Earth at the Diftante of its Surface with a Centrifag^ 
Force e qual to t hat of Gravity 5 then P* =: 0,615*, and fo 
P=r V^ 0,615 A ; and putting a =: 42000000 Feet in Ac 
Diameter of the Earth, we have P =r 5083 Seconds, or 84^ 
43^ ) which is the Time of Revolution to acquire a Centrifa- 
gd Force equal to that of Gravity at the Earth^s Surface. 
Confequently, were the Earth to revolve in 84' 43* inftead of 
24*Hours, the Bodies on its Surface would lofe all their 
Weight, and be as liable to i^ oiFas to abide thereon. 

19. From what has been demonfhated we may difcover 
the Law of Gravitation at the Moon ; for fince the Difbmce 
of the Moon from the £arth*s Centre is to the Diflance of the 
Earth's Surface as 60 to i ; and Ance the Periodical Time at 
the Earth^s Surface is 5083*^, therefore the Periodical Time at 
the M oon may be found (by Jrt, 11.) thus; ' i^ : 60* :: 
5083* : P*; whence P = 5083 x 6o4 = 2362000'' z= 
~*7>3 Days* the Periodical Time of the Moon, if moved by 

a 
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a Centripetal Power, as Gn^tyy Accreafing wth the Squares of 
the Viftancei itrverfely : And therefore finoe die Feriedieal Tinte^ 
thus founds is equal ■'very nearly to the real Periodical Tvne of thk 
i/bouy it fhews thatLaw takes Place between the Earth and Moon* 
This might alfo be (heWn^m the Time of the Moon's RevOk^ 
tioti, bat 00^ Prdofis cnoaA. I ihall klfo hereslt^^fllcw^rljidit 
this is the general Xaw of the whole Planetary Syfteoi, , " 

20. Since we had <^ = the Central Force,. wh<n a ji 

yvcn, the Force will be as ~i that is, in ecjual C&'desthe 

Centiifogal Forces will be as the Squares of the VelQ^ities^in- 

verfely . And therefore fince in. the Time of the Earth's Re- 

voluti on, visi. 2 4 Hours, there are:6840o^i if we. iay, as 

5083* : 68400* :; I : 289 nearly; that is, the Centrrjfifgal 

Force under Ae E^tor^ arifingfrom the Earth* s Rotation^ to 

the Power of Gravity on its^ Surface as i to zSg nearly. 

PI t VI ^** Since the Time of Revolution of a Body binder the 

riate Vl. gqoj^fQy eQ^ and in any Parallel pf tatkudc BQ> is ^equal, 

'8' * ** the Centrffupl Foices are as the DHlanccs E C, B A, from the 

Centre of Motion (by Art. 16.) or, as Radius C'B t04hc Gp- 

fine A B of the Latkudc. . 

22. But in any Latitude B, the Ceiitrifiigal Force isniot (at 
finder the Equator) oppofite to the whole Gravity, but only a 

' Part thereof, which is to the Whole as theXd^Hfte of Lati- 

tude to the Radius. For continue (»it A B (the Dlreftion of 
the Centrifugal Force) to D ; and C B (b whichfeayity ads) 
to F;. from Diet fall a Perpendicular to F, then will BD 
teprefentthe whole Centrifugal Force, and BF that Part of it 
which ads direOly againft Gravity ; but B F : B D :: A B : 
BC=EC. Therefore on both thefe Accounts, thejCcntHfagal 
Force deacafes from the Equator towards the Poles N aildrS m 
the Proportion of the Squares of the Co-fines of the Latitude. 

23. We proceed now to demonlbnte the true Figure of 
the Earth, which we (hall find to be Spheroidical zaA not Sfhe^ 

fig. 12. rical, i£ ever its Parts were in a fluid or yieldiag State, toom 
' the Confequence of a Centrifugal Force. In order to this let 
NS be the Axis of Rotation, BC a Column of fluid Parti- 
clcs gravitating towards the Centre C, which (becaufc- we 
fuppofe the Parts of the Fluid every where qufefcent) will 
be of the fame Weight with every other Column of Parti- 
cles CN, or CE. Let CE=tf, CN=^j CB— ^, AB= 
^c= Sine of the Angle BCN; and fuppofe the . gravitating 
Power to be every where as the Powec n of the Diftance 
from the Centres that is, (uppofc the Power of. Gravity at E 
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>{g) to be to that at B as CE' to CB% then wiD the Gravis 
atB bc^-i-Ji-^-tii? 

ai: j> DC _ ^g^ -^?^- 

24. Alfo the Centnfugal Force at £ (7;! is to that at B at 
CE to A3 (as wcihcw'di^, 16) Bat AB : CB llu : i 

'=: Radius; whence ABrz/xCB^/*i codeque&tl/ 

we have the Centrifugal Force at B equal to . 

25. l^ttt fince this Force ads in the Dxrcftion B D^ that 
Fart which oppofes Gmvity is FB (as was ihewn above) 

whence fince BD : FB :: i : / :: -^ : 'Ciif! :::: to 

a a 

Centrifugal Force at B, which oppofes Gravity. 

26. Hence the Power of Gravity on k Pardde at B will be 

ats ^ ^* — >—-f impelling it towards the Center C. Sucha 
Particle will be reprefented by x, and therefore its Weight will 

be ^ i — -dLi—. and as this is the Flmdon of the • 

wHele Weight of the Cohimn CB, the Fluent thereof 
^. ■ ^''' '^ - — ^^^ wiU be the Weight of the laid Co- 

lumn of Particles CB. 

27. If now we confider the Column of Partides CE, 
which is of equal Weight, fince in this Cafe the Angle NCE 
is a Right one, we fhall have a? — ^7, and / — i ; wherefbi^ 

the Weight of the Column CE wiU beliliLlJl!--^, 
therefore the Weight of a Column t^ery where is equal tp 
■ ^ ■ V < • XA (= ^ < ^1 therefore we 

have (by proper Rcdu£lion) 2^x»+i — «-|-i x///««— t 
jr* =: 2Y—nf—fy^ ^j » 4- 1 for a general Equation^ 

• 28, Whence, putting # = «, we have 2^*«4-i s; 

I 

zg^^nf — /xtf«"^*5 andthercforetf t * :: a^«-hiY 



zg — nf-^f^^ - ^E • C^» f^'* ibiDiamtUr§ffSf 
Epuitor to tie Axis of the Earth, 

29. Hence, upon the Hypothefis of an fmiform Gninte, 
wehave«=:«; in that Cafe 2^:2^— /:CE:CN. Bat the 
Gravity (g) is to the Centrifag^ Force (f) under die Eqoai- 
tor, as 289 to X (fer Art. 20.) Wherefore ie thii Cafe 
CE;CN::57«:S77- Jo- *f 
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^o. If the Earth were to revolve in 84' 43'', the Ccn- 
triHigal Force would be, equal to Gravity (Art, 18.) ^ g'^^fl 
and then CE:CN::2:i. If the Earth were to revolve 
quicker than that, the Particles would all fi/ off, and the Earth 
be reduced to a fingle Atom. 

31. If the Gravity be fuppofed proportional to the T>U 
fiance from the Centre; then » == i , and we have C E : C N :: 

g^ : g — /^ and if in this Hypothefis the Earth were to re-, 
volve in 84' 43'S', or g:=z/, then would CE be infinitely 
greater thenCN; that is^ CN would be nothing, or the 
Spheroid would then become a circular Plane. 

32. If Gravity be ihppofed inverfely a$ the Square of the 
Di^nce^.we have » = — 2; and then we ihall have 




• 2g +/""' '' ^g +/' ^g •• 579 • 578. And fince of 
all the above Hypothcfes, thislaft is found to be the only true 
one (fee Jrt. 19.) it follows that the Earth in its Chaotic or 
J^lmdState^ re^okjing ahout its Jxis^ mufi necejfarily put on a 
Spheroidical Figure , having the Equatorial Diameter E Q^, to 
the Ajds N S, as 579 : 578. 

33. And this would be the Cafe were all the Circumftances 
of the Hypothefis the fame in Nature as we have prefumed 
in the Theory; but fince they are found to be otherwife, the 
Mathematical Theory (which gives only the true Sort of Figure, 
but not the true Figure itfelf) muftbe adapted to Nature, and 
the Figure which the Earth really has inveftigated from other 
Principles. For Bodies on the Earth'sr* Surface do gravitate in 
fuch Diredlions as pafs hot through the Centre C (as has been 
fuppoCed) any where but in the Equator or under, the Poles, 
<vi%^ at E and N. 

34. In order to find the true Proporti6n between E Q^and 
NS, Sir Ifaac'Ne'wtou makes a Suppofition they are as loi 
to 100, and then by a Method ftbo prolix to be here ex- 
plained, he finds the Gravity at E and N to be as 500 to 
501. Now fuppofmg the Matter of the Earth Amiform and 
at Reft, the Weight of the Column of Particles EC will be 
to that of the Column NC in the Ratio of their Magnitudes 
I.OI to loo, and of their fpecific Gravities 500 to 501 con- 
jointly, (See Jmotl LVIII. 10.) that is, as 505 to 501. 

35. Now 'tis plain if the Weight of each Particle in the 
Column CE were divided into 505 equal Parts, a Centrifugal 
JForcev that fhould take off 4 of thofe equal Parts, would 
leave the Weight of the Column £ C e<;tual to that of the 

i : . - CQluma 
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Column NC, whence an Eqanibrlum muft enfue between 
them. , 

36. Whence bur great Author niakes ihh Analogy: If a 
Centrifugal Force which is jij of Gravity caufes an Exceis of 
^iJs P^t in the Altitude EC, a Centrifugal Force which is 
but -^i^ Part of Gravity can caufe an Exc^ only of ^^^ Part 
of EC. Therefore the true Proportion between the Dia- 
meter of the Equator E<^ and the Earth*s Axis NS, is that 
of 230 to 229. Whence, fince the former is about 8000 
Miles, it will exceed the latter by about 34 -^ Miles Efi^&J^ 
Meafure. 

37. Whence, lince in an Equilibrluffl of Fluids conununl* 
eating with each other the Altitudes are as the fpecific Gra- 
vities inverfely, it follows that the Gravity at the Equator 
£ is to that at the Pole N as 229 to 230; or a Body whidi 
under the Poles weighs 230/i. will under the Equator weigh 
but 229/^. 

38. The Gravity increafes from the Equator E towards the 
Pole N w//i^ thf Sfuares of the Sines of the Latitudes. For 
continue out CF to G, and draw G D perpendicular to AD| 
then if B J) be the whole Centrifugal Force at the Equator, 
and B G the whole Dimunition of Gravity occalion'd there by 
it I and fince in the Latitude B the Centrifugal Force which 
a£b diredly againfl Gravity is reduced to FB, the Line FB 
will alfo reprefent tl>e Diminution of Gravity in the Latitude 
B, and therefore the Difierence GF' will be the Increafe of 
Gravity at B. And fo (becaufe BG:GD::Gp:GF) we 
haveBG : GF :: (GB* : GD* ::) BC* : AC* :: Rm&tt 
Square : Square of the Sine of the Latitude :: Decreafe at the 
Equator : the Increafe at B. 

39. If we put the Diminution of Gravity at the Equator 
:=: 1 0000, then will the Gravities at the Equator, London 
and the Pole be as the Numbers 2290000, 2296124, 
2300000; therefore the Lengths of Pendulums vibradng Se- 
conds in each of thofe Places will be in the fame Proportion 
(by Jnnot. XXVIII. 13) But 2296124: 2290000 :: 39,2 : 

39,1 =: Inches of a Second Pendulum under the Equator, the 
fame nearly as found by Obfervation. 

40. Since in the elliptic Meridian E N QS, the Curvature 
at S, Q^ is much greater than that at N, S ; the Radius of 
Curvature (fuppofe E^) in the former will be fhorter than 
that in the latter, (fuppofe S di) and therefore if at the E- 
quator the Angle £^a, or the Arch E 4, be equal to one De^ 
frree^ the Angle of one Degree S^^ at the Pole S will con- 
tain a greater Arch cS, as is evident from the Diagram. 
Whence it appears that in this fpheroidical Figure of the 

Ear^ 
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£anh» the Degrees increafe from the Equator to the Pde; fo 
^« ^ thst if in the Eqnator a Degree confifb of 60 Miles, in the 

feveral Latitudes the Miles will be as below: 

Lat. o. lo**. 20''. 30*. 40*. 50*. 6o*. 

i^'ueg^ 60. 59,5. S9,S7- 59*67. S9>8- S9>93- 60,06. 
Lat. 70**. 8o*. 90*. 

in^Deg\^'^^' 60,235. 60,26. 
Scholium. 
What has been faid hitherto, has been upon Suppofition 
that the Earth is of an uniform Denfity throughout, but it 
is reafonable to fuppofe (horn the Earth's having been ori- 
ginally in a fluid State) that the heaviefl: Master fubfided firft, 
according to the Laws of Gravity ; and therefore that the 
Earth is more denie and compad the nearer we go to the 
Centre, whence it muft follow, that as there is a greater 
Number of Particles, there will be, on the Whole, a greater 
Quantity of Centrifugal Force in the Column E C, and con« 
fe^uently a greater Excefs in its Altitude above that of N C, 
than was before dated ; that is, E C will exceed N C more 
than in the Proportion of 230 to 229, which is alfb found 
. to be ftill more confonant to Experiments. . 
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LECTURE III. 

Of the Centres of Mackitudb, Motion, and 
GaAViTY. ^e Method cf finding the 
Centre of Gravity in all JSodies. ne 
Phenomenon of the Double Cone and Cy* 
xiNDER. Of the Common Centre ^/Gra- 
vity between two ^rw^r^ Bodies; confider^d 
between the Earth and Moon, the Sun and 
Planets. The Fundamental Principls 
of Mechanics demonfirated. The Impoffibility 
of a Perpetual Motion, ne Nature 
and Kinds of Levers, Balances, Pullies, 
the Axis in Peritrochio, Inclined Plane, 
Wedge, and the Screw. Of Friction and 
Friction-Wheels. Of Compound Ma- 
chines. The Theory of Clock- Work.' a 
new Orrery, Cometarium, 6fr, Oftbo 
Movement ^Wind-Mills, Water-Mills, 
Ships, 6fr. Of the Maxima and Minima 
in Meichanics. The Theory of Wheel- 
Carriages at large. 

HAVING confidercd the Nature of every 
Kind of Motion, with the Properties of 
each, we Ihould have come immediately to treat of 
the Mechanical Powers or Machines, but 
that fomething ftill remains to be premifed thereto^ 
relating to the Centres of Magnitude^ of Motion^ 
and of Gravity in Bodies. 

Tj«i 
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The Centre of Magnitude is that Point 
whichis equally diftant from all die czternalParts of 
the Body : And in Bodies that are uniform and ho- 
mogeneal, it is the fame with 

The Centre of Motion, which is that Point 
which remains at R«ft, while all the other Parts 
of the Body move about it : And this is again the 
fame in uniform Bodies, of the iame Matter 
throughout, as 

The Centre ^Gravity, which is that Point 
about which all the Parts of a Body do in any 
Situation exaftly balance each other. 

This Centre of Gravity in Bodies is of die 
greateft Confequence to be well underftood, as 
being the fole Principle of dlMtcham^al Motions. 
The particular Properties hereof are as follow, 
(i .> If a Body be fufpended by this Point, as the 
Centre of Motion, it will remain at Reft in an/ 
Pofition indifferently. (2.) If a Body be fulpended 
in any other Point, it can reft only in two Pofi- 
tions, W2. when the laid Centre of Gravity is ex- 
aftly above or below the Point of Sufpenfion. 
(3.) When the Centre of Gravity is fupported, the 
whole Body is kept from falling. (4.) Becaufe 
this Point has a conftant Endeavour to deicend to 
the Centre of the Earth 5 therefore, (5.) J^hen 
this Point is at Liberty to defcend, the whole Body 
muft alfo defcend or fall, either by Aiding, roll- 
ing, or tumbling down. (6.) The Centre of Gra- 
vity in regular, uniform, and homogeneal Bodies, 
as Squares^ GrcleSy Spheres^ &c. is the middle 
Point in a Line connefting any twp oppofite 

Points 
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Points or Angles. (7O In a Triangle k is in a 
Une drawn from any Angle bife&ing the oppo* 
lite Side, one Third of the Length diAuit from . 
chat Side or Bafe. (8.) It is alfo one ntrd of the 
Side diftant from the Bafe of an hollow Cone* 
(9.) Butina folidConeit is Mf Fa«r/lr of the Sde 
diftant from the Bafe. (10.) In the Human Bo- 
dy, the Centre Of Gravity is fituated in that Part 
which is callM the Pehis^ or in the Middle be- 
tween the Hips. 

Hence the Soludon of fereral very curiow 
Pbanomena will be evident with the leaft Atten« 
tion; as why fome Bodies ftand more firmly oa^ 
their Bafes than othen; why fome ftand firmly in 
an inclined Pofition; why fome Bodies fidl in one 
manner^ fome in another; why fome may ieem 
to rife, while the Centre of Gravity really de- 
fccnds, as the roUit^ Conij and Cylinder. Hence 
the Form of that particular Bucket which defcends 
empty with the Mouth downwards, but is drawn 
up full with the Mouth upwards. Hence alio ic 
appears that a Waggon loaded with heavy Mat* 
ter, as Iron, Stone, &fr. will go fafcly on the Side 
of a Hill or rifmg Ground, where a Load of Hay 
or Corn W6uld be overturned. Again, we hence 
iee the Reafbn why no Man, ftanding ftill, can 
move-or ftir, without firft moving the Centre of 
Gravity out of its Places alfo, why we ftand fincb- 
ly, while the Centre of Gravity falls between, or 
on the. Bafe Line of die Feet^ and how neccfia. 
rily we fall, when the Centre of Gravity falls on 
one Side or other of the fame : With many other 

H ' Parti. 
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Particulars, which naturally refult from this Pria- 

ciple(XXXV). 

Plate VI. (XXXV.) i. That the Centre of Magnitude, of Motion/ 
Fig. 13. aod of Gravity is the iame Point C in regular and homo- 
geneous Bodies, as the circular Area, or Square A B D £ is 
arkienti becaufe any Ridit Line as A D drawn thrcnigh the 
iaid Point and terminated by the Peripheries of thofe Bodies, 
has an equal Number of Particles on each Side ; therefore the 
iaid Point is Centre df ]^^^«itade and Gravity, and coafe- 
quently of untform Motion in jevery fuch Line, and there- 
fore of the whole Area, which is made up of them. 

2. But if a Body be not homogeneous but confifls of dif- 
frrent Matter in diifereat Parts, i^e Centre of Magnitude C 
will not be the Centre of Gravity ; thus fiippofe A B F a cir- 
cular Piece of Wood with a round Piece of Lead tf in one 
Side t>f it; this Lead will remove the Centre of Gravitv' 
from C to fome other Point D in the Diameter pafTing through 
the Centers C aud g\ and this Centre of Gravity D will of 
Coorfe be alfo the Centre of Motiosi and Reft, for on no other 
Point can a Body reft but that on which it is equilibrated^ 
fihce Reft is only the Refult of an. Equilibrium of the Parts. 

3. If the Centre of Gravity be inppbrted, the Body will 
l^ fupported likewife, for iince the Power of eveiy Particle 
to defcend is there referred, and all unite in one; if that 
one Point be upheld, all the r^ mu(^ as having a mutual 
Dependance thereon by aneceflary Connedion of Parts. 

4. If a Body be fufpended on any other Point C, than the 
Centre of Gravity D, it will defcend in eveiy Portion bat 
two, *vix, when the Centre of Gravi^ is in £ above, or ia 
D below the Point of Sufpenfion C, becaufe in two Cafes it 
gravitates on a fix*d Point, which fufpends the Body, and 
thperefere upholds it; but in all other Odes it has Ltt)erty to 
defcend, and therefore will carry the Body down, till it comet 
to reft in D. 

jPIatp VII. 5. If the Centre of Gravity C b the Body A B D E grn- 
Fig. I. vit^te on the Bafe A'E in the Perpendicuhu: CF, that Body 
wiH ftand firm, and fp much the more fo, as the Point F falls 
nearer the middle Point between A sftid F ; for fince, were 
the Bodv to JsAwp^ the Point or ib^glfr £ would be the Cen- 
tre of Motion, it follows, that ia that Cafe the Centre 
of Gravity t muft rife in the ArcW of ^ Circle from C to G, 
which it cannot do without fome exti;^e<n»:Force ; and there- 
fpre when left to itfelf, the Body tnuft ftand firm. 

6. But in thc^Body of the next Figure, becaufe the Line 

'^ If 
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If two or more Bodies in Modon be connefted 
togecher, as ChiUn-Sbot^ &c. or any how depend 

CF, m whicliitptviittes,ftBtofffmDilieBifeAB»die FliteVIL 
Centre af Onantf C will be five to defcend, as not F^. a. 
being fappoited, and confeqnentlj the Body maft fall. 

7. iTa Body ABDE, laid tm an indined Plane XY» Fig.}. 
gmvitatesintlieDiKaionCI^witkintheBareAE, tbatBofar 

will inov« down the Plane ^y Jmtot. XXVII. 1} bat it 
eannot move over the angular Point A (by 5th of this) it moft 
di6reforc defcend hjJtSfig down the Plane. If the Baie 
A E» had been To fimlu that the Point P had Men off it, k 
Wbuld have tnmM on the Pcnnt A in its Motion, and k have 
tunAUd d$wH the Plane. Bat if the Bafes A£ be tacppokd^ 
infinitely finalL or a Point, the £dling fiom one Pomt to an 
Other, will be to momentaneoos, that the Body (which than 
bfccbmes k Circle or Sphere) will defcend by rti/ing Jnm 
the Plane. 

8. To find the Centre of Cravity of a tiMe, has been pkr ±. 
ibtwn{jhmt. XXDC. a.) Tofind thatoT aSiqm&iesaaof ^ 

a Triang/i, Paraicla, &c. this is the Method. Let A G bifeft 
the Bate A C of the Triai^e ABC, it wiUaMbbi&aeveiy 
other Lme D£ drawn paiaHel to the Bafe; codeqoently the 
Centre of Oravity of the Triangle will be fioand fbmewhere 
in the Line B G. The Area of the Triangle may be con« 
fider*d, as confifimg ^ an infinite Number of indefinitely 
finall PMafielograms D£ JiiD^ each of whkh is to be con- 
fidtr*4 as a fimdl Weighs and alfo as the Fhixson of die 
Area pf the Triangle, aiMl b may be estpreis'd by zjx^ 
(pattinfr BP = ;r, and FB =j^;) u this floxionary Weight 
he multiirfied by its Velocity ;r, we Ihall have 2jxx for ita 



9* Now put BG = 4^ and AC=:^i thenBGY^^e 
AC(t)::iFfxJ : DErr i?= 2ji dieitfbre the 

tlnjdon 6f the Weights a^i^s -— i andtheFhnnonof t&e 

AfmMa 29 XX 3= tflff s whence the Fluent of the hutcft 

bx^ hx* 

ixz. — « dhuded by the Ffascntcfthe bfam% ^^ ***-* • 

^witt i^veix for the Diltax&oe of die Point from B in MLina 

H 2 : ott 
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pn each other, they will have a Cenmon Centre of 
Gravity y which will be a Point in the Line join^ 

B F, which has a Velocity equal to the Mean Velocity 
oFaU the Particles in the Triangle DBE, and is therefore 
Its Centre of Gravity. Cmfequmtly the Centre of Gravity of 

unyTrioJigli ABC, is Mfiant from fbi Feriex i, "BGaright 

Line draminfrom the Angle B bi/eSing tie Safe A C. 

ID. And fince tiie ^Aion of a lupeifioal or hollow Cone 
is a Triangle, and Cirdes have the fame Ratio as their Di- 
ametcrty it follows that the Circle twhofe Plane faffes through 
'the Centra of Gravity of the Cone is | of the length of the Sidf 
^Sftantfrom the Vertex ofthefaid Cone. ^ 

FlaCe VII. * 1 1. But in ^^foVtd Cone^ which confifls of an infinite Num. 

Fig. 5. "ber of circukr Areas, which therefore may be confidcr'd a^ 
lb many Weights, the Centre of Gravity may be found a^ 
lefore, by putting B£=x, BG=«; the circular Are^ 
DFE =:jr, and AGC = A; and from the Nature of the 

C<me, or ix* 11 biy:z=i — ^ but * j» = -*^— = Fluxion 

hx^x 
of the Weights; andjrAr ;^ = — :— = Fluxion of the I^r 

tnenta, whence the Fluent of the latter, viz. '— ^ divided by 

bx^ -^ 

the Fluent of the former — ^ , will give \x, of the Q^ntre of 

'•Gravity of the Part D BE F ; confeqiiently the Centre, of Gra- 
vity of the Cone A B C G // diftantfrom the Vertex B, \ of the 
*Side B G, in a Circle parallel to the Bofe. ^ 

fig. 6. ^ ' »«. If ABCD be a regular Superficies, and ABEP ana- 
ther funilar thereto, their Difference will be F EC D; and 
the . Oentres of Gravity, of each will be in the Points 
JI, G,.->I,«as is, evident from what lias been fhewn. Pfo^ 
TJfrom 2«f//Vrs Elements) we have F EC D to A BE Fas the 
Triangle F B D. to the Triangle A C F; but F B D : A C F u 
'^\) ^ A F :: G H : H t; jvhercfore if any two regular and 
iimilar Superficies or Solids (ogetj^r^th their Centres, pf 
tGravi^ <T, R; are given, the Ccntreof Gravity I of then- 
Difference will be given alfo by the'^above Analogy- This 
,in many.Meebmical AfQors.wilL pibv^ df very ^onfiderabk 
Ufe. 

Fig. 7; €ri .! 3»--Tiui for .Example, .fiiK>ofe A Bf^ G and BD gF ^w^ 
two funilai^^nes, and their Centres c^ Gravity when hollow 

ii;. ... ing 
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mg the Centres, fofituated, that its Dijlance from 
the faid Qnires will be reciprocally as the ^antiiy 
ef Matter in each Body. 

or faperiicial were r and a% bat whrn iblid, dzxAbi if thes 
we fuppofe the Cone DB£F cut off from the Cone ABCG, 
there will remain the Diierence A D£CG, whofe Centrei 
of Gravity, when hollow and when foiid, may be foond as 
abovej which let be iii the Circles ///and gkb^ at / and t 
U now the' truncated Fart were made into a Bucket by fixmg 
ih a thin Bottom at A C, and fufpending: it moveable in a 
^indle by Pins fixM between the faid Circles /i/ and gkh^ 
on each Side, 'tis ievident fuch a Budcet when empty muft 
liang with its Mouth downwards ; and when full of Watcn 
>vith the Mouth upwards ; tlius may fuch a Bucket be appli* 
cable to divers Ufes, as being c&pable of filling, and empty* 
ing, and moving^ itfelf in different Forms, as ^e Bottom is 
fix'd in the wide or nanow End. 

14. The CentieofGravityofa Parabola ABC, is found PlateVH. 
as in the Triangle and Cone ; thus let BF = jt, D£ = jr 1^ Fig* ^* 
then will jri be the Fluxionary Weight, andj^* i: the Fluxioii 

of the Momenta-^ but from the Nature of the Curve we have 

V = ;t*, whence yxzr. x^x^ ^ndjxx = x^ xx, whofe 

Fluent I AT * divided by | ** (the Fluent of ;r^ x^will give^ 
;r = f ^B F for the Diibmce of the Centre of Gravity ficMai.the 
Vertex's in the Part DB£ ; and fo | of BGis the Pbmt m 
the Axis of the whole Parabola ABC, from tbe VertexB. 

1 5. The Phasnomenon of the double Cone is eafily mi* Fig. 9. 
counted for, from what we have &id of the CentretoF 
Gravity. For let ABD be the common Bafe of the two 
Cones, its Centre C will be the Centre of Gravity of |h« 
Whole; therefore if DF be the Leg of a Ruler elevated to 

an Angle FDG, whofe Sine FG is lefs then the Semidia- 
meter of the Cone CD, *tis plain the Centre of Gravity C 
at the Pofition of the Cone in D is more difiant from the 
Centre of the £arth than in its Fofition between the Legs of 
the Ruler at F; and therefore it will deicend (as on an in- 
clined Plane CF£) from C to F, where it will flop,as bdng 
fupported on the £nds of the Ruler. 

16. Let AB£D reprefent a Se&ion- of a Cylinder of Fig. lO. * 
Wood biais'd on one Side with a cylindric Piece of Lead as 

B, this will bring the Centre of Gravity out of the Centre 
of Magnitude C to fome Point G between C and E; k( FH 

H 2 Whemci . 
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Whence, fince the Edxih and Moon are to 
each other a3 about 40 to i, and the Diftance of 

be an inclined Plane, whofe Bafe is F L. It is evident the 
Cylinder ]aki up<m the Plane will no where reft but there, 
Where a Perpendicular to the Horizon F L pafies through the 
Centre of Graviqr G, and that Point of the Plane £ in which 
the Cylinder touches it; and this in all Angles of Inclination 
of the Plane leTs than that whofe Sine is equal to C G (the 
Haditts being CD) will be in two Situations ABED and 
tf ^#^y becaule when the Cylinder moves, the Centre of Gra* 
wit^ deferibing a Circle round the Centre of Magnitode C, 
this CiKle will meet the Perpendicular in two Points Q and j, 
in teach of which the Centre of Gravity being fapported, the 
Cylinder will reft. 'Therefore the Cylinder moves from B 
to r by the Deicent of the Centre of Gravity from G to ^, 
in tjie Arch of the Cydoid G bg. 
Rate VII. 1 7* If the Cylinder ABED infixing on the horizontal 
Fig. 1 1 . Line £ L in the Point E, has the Ceetre of Gravity G in the 
homontal Diameter DB, it will gravitate in the Perpendkolar 
G^f if therefore a Plane FH toudi the Cylinder in the 
Point #» it is plain the Cylinder cannot either a&end or de.» 
fcend on fuch a Plane ; becaufe G in^any Situation betweea 
< and H, or e and F, it will gravitate to the Left or Right 
from the Point in which the Cylinder toudies the Plane, and 
f> will in either Cafe bring it back to the-Point e. 

i,&. In this Cafe the Angle of the Planers Inclination HFL 
ia equd to the Angle £Ctf or C^G, becaufe £L and FH 
arc Tangents to the Cylinder in the Points £ and i, and con* 
^ \'i ftquently the Angles EC/^-EF^s two Right Angles =:;: 
%Fe+H¥Li therefore £C#:=:HFL« Hence it follow^ 
chat the Cylinder cannot afeend on a Plane whofe Inclinatio» 
is greater then the Angle £C^, but on a Plane of lefs la* 
dination it may ; and there is a certain Inclination of the Plane 
on which the Aicent will be a Maxinum, bat *tis not woxth 
while to infift farther on fo ufelefs a Subjed. 
,£tg. 12. 19. If DL ME and FPQO reprdent two Waggons 

loaded, the fonner witb heavy Matter^ as Irmi, Stom^ &c 
which lies low, and the former with a light Subftance that 
riies high, both on the Side of an Hill AB; 'tis evident the 
Centre of Gravity of the Load L M, ading in the I>ire£UoQ 
AI, which fells between the Wheds D £ will keep the Wag- 
gon firm on the Side of the Hill, (by Jrt. 5.) Bat m the 
•ther Load NPQp, where the Centre of Gravity K rifei 
f» high ^ove the Bottom of the Waggon, it mufi a& in a 

the 
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the Moon 60 SemiAameters of the Earth, the 
Diibmce of the common Centre of Gravity of the 
Earth and Moon will be found about 1854 Miles 
from the Earth's Surface > and it is this comraoB 
Centre of Gravity that defcribes the Annual Or- 
bit abput the Sun, and not the Earth itielf, as i$ 
commonly faid and thought. 

Im like manner there is a common Centre- of 
Gravity of the Sun and all the Planets which cir-* 
cuiate about him ; and were they aU placed in a 
Right Line on one Side the Sun, then would the 
common Centre of Gravity of the whole Syftemj 
be diftant from the^ Sun's Surface t^bi Tenibs of 
his ScOTidiameter: And it is about this common 
Centre of Gravity, and not about the Sun, that not 
only all the Planets, but even the Sun itfclf, do 
conftantly move (XXXVL) 

Direaion KH, which Ming without the^e Line FG of 
the Wheels^ muft neceflarily canfe the Waij^on to overtum. 

2o, For the fame Reaibn a Man muft &11 when the Cen- 
tre of Gravity adb in a Diredion falling without the Bafe* 
Line of the Feet s • and *tis by the artful i3jufting of this Point 
•ver the Rope that People can walk or fly thereoa; and that 
Tumblers and Eqoilibrifb peiibrm fuch Wonders. In fine« 
^ds tins &igle Principle that regulates eveiy Kind of Motion^ 
both Animal and Mechanical^ and to which we are naturally 
prone to have a much ftri^ter Regard then we commonly 
think of; as would be evident were we nicdy to confider thtt 
Gate, Poftorc and Configuration of the Body under the various 
Modes of Admg» viz. of fFaliitig, fitting. Riding, Stoefhg, 
Cartymg^ Lifting J) rawing, Fnflnng, Rtaching, Striiing, TJhrwv* 
ing. Sec. and the particukr Manner in which Anifts fix a 
Wind-Mill» Crane, or any fuch like Machine. 

(XXXVI.) I. If two Bodies A and B be conneaed toge- Plate VII v 
ther, by a Wire ot Chain AB, they will each of them affed Ftg. i|* 
the other by their gravitating on the Line AB| and alfo e« 
very Particle of that Line will beaffeOed with thofe Gravities, 

H 4 Th8 
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The common Centre of Gravity of any Num- 
ber of Bodies being fupported, none of thofe Bo- > 

or be GSUTied downwards, bnc with aa aiieqnal Force, except 
ene, on which the Force of each Body is equal; and fincc 
we fhewM the Force of any Body A or B arifes' from its 
Qtiantity of Matter muhiplied into its Velocity, *tis evidenr^ 
that one Particle moll be fo fitnaDed at C, that B:A(;;q;: V) :: 

ACtlSC, Bccaofe then we have BXV = AX^ = 
BXAC=AXBC. Or the Prodnd of each Body into its 
V^>^ is the bnf at die Pomt C, but no other. 

2. The Point C is therefore calPd the Cmmgn Ceahn tf 
■Qranity of both the Bodies. If the Oiflance between the 
Centres of the Bodies be given, and the Magnitude of each» 
the Difiance of the Point C from either aoay be thus foundi 
as B+A:B::AC + BC{=AB).:AC. Let A rcpre- ^ 
fent the £artb, and B the Moon; then will A : B :: 40 : i, 
nearly; and iince A B =: 60 Semidiameters of the Earth; we 

luive40=3i : i::6o: — =:AC; andfinccaSemidiametercon' 

tains about 4000 Miles, we have ^ ^ ^ = 5854 :=: A C^ 

" . . ^^ ' 

from whence taking one Semidiameter A G = 4000, there 

will remain 00=1854 Miles, for the Diftancc of the Point 

C from the Earth's Surface. 

3. Since the Earth and Moon a€t on each other by At. 
tradion, 'tis evident thdy muft both revolve about the com- 
mon Centre of Gravity C; whence this Point C, and not the 
Centre of the Earth A is that which the Moon regards ia hct 
periodicaS Revolutions, and where there no other Bodies in 
the Heavens but the Earth and Moen, thb common Centre of 
Gravity C Would be at Reft, or a £x"d Point. 

4. But (ince the large Body of the Sun commands (by the 
fame Power of Attraaion) the Earth and Moon to revolve 
about itfclf, it will follow that the Point C is that whi^ muft 
defcribe the^ Circle (or OrHj Magnus) about the Sun; becaufe 
no other Point between A and B can keep always at the fame 
Diftance from the Sun, on Account of the mutual Revolu- 
tions of thofe Bodies about that Point at the fame time they 
are carried a^out the Sun. 

Plate VII. J. But to lUuftrate this Matter further, let S be the Sun, 

Pig. 14. and CDEF a Part of the annual Oibit; A and B the Earth 

and Moon in her Conjunction at C, in her Qittdratnre at D, 

m her Oppoficion at E, and in her laft Quarter at F; during 

dies 
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dies can fall ; which is the Reaifon of many very 
^ iiirprifing Appearances in Nature, as that common 
^ Experiment of fufpending a Bucket of Water at the 

End of a Stick cff the Table without faUing^ the 

Toy of the Man afawing^ &c, 

all thcfe Motions from C to F, •tis evident tbc Centre of j^^IL 
the£ardide<bibesaniri«gi]]arO]rveADAF;batdieCeQ- ''*<* '^* 
tre of the Moon, one much more fb, as being at very im* 
equal Diftances from the Sun S» continnaHy iaereafing aad 
4eae«fing ; and that the Point C is that aione whidi is «t 
sok equal Diftance at all Times, and therefore defcxibes the 
circular Orbit about the Sun* 

6. The Fokt C is that in which the Force of each Body 
A, and By is exerted; and therefore tvery Adion of that 
Point is the &me as it would be if both the Bodies were there 
vnited in one; thus if A and B were two Chain-Shots, the 
Point C in the Chain, and no other, would ftrike an Obftade 
with the greatefl Force, or thai of a Body equal to the Sum ' 
cf A and B. 

7. If therefore a Wire be inferted in the Point'C, and at 
the other End any Body D were affixed, the commmi Centre 
cf Gravity of all the three Bodies A, B, and D may be 
found as before ; for let the Body C =:: A-4-B; then wiH 
C+D:D::CD:CE; or A + B + D :I) :: CD: CE; 
and thus E will be the Point fought. And in the fame Man« 
ner the common Centre of Gravity in a Syftem of any Num- 
ber of Bodies may be found. 

S. Hence the common Centre of Gravity of the Sun and 
Planets may be eaiiJy found by comparmg their Quantities of Fig. 15J 
Matter and Difbnces; thus let ABC reprefent the Sun^s 
Body, and S its Centre. Now fince the Bulks and Difian- 
ces of the four iiril Planets, Mercury ^ Fenus, the Earth and 
Mari^ are ytry inconfiderable in regard of the Sun, they would 
not (if placed in the Right Line C G) remove the common 
Cditre of Gravity between the Sun and themfelves hr from 
the Centre of the Sun, fuppofe to L. But when we come 
to Jupiter^ his Bulk and Diflance give him a confiderable^ 
Momentumy which will pf placed in the fame Line C G^ re- 
snove the Centre of Gravity from L to I, a Point without 
the Surface of the Sun's Body. LafUy, if we confider Sa^ 
turn placed in the Line CG, with all the reft; though hit 
Quantity oif Matter falls jQisort of, yet his Difbmce far ex* 

' . w«" 
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Wb have now pretmfed every thing neceflary 
for undcrftanding the Nature of thofe Inftruinents 
which tre commonly called Mechanical 
Powers, or Machines: They arc Six in Num- 
ber, as follow, viz. The Lever^ the P«%, the 
tybeel and Axle^ the Inclined Plane^ the k^edge^ 
and the &rrte^. They are callM Mecbanic^ 
Powers^ bccaufc they mcreafe our Power of mov- 
ing or raifrng heavy Bodies, which are ofce(i 
unmanageable by any natural human Strength, 
not thus aflifted ; and of two or more of thefe 
all other compound Inftruments and Machines are 
contrived and compofed. 

L A LEVER is any inflexible Line, Rod, 

ceeds that oTJt^ter, and therefore his Momentum will be con<^ 
fiderable enough to bring the commoo Centre of Gravity 
from I to K» a^'fuch a JDiftance CK ftonv the Sun's Sur- 
face as is equal to A of the Sun*s Semkliameter SC; or 
SCrCK:: io:S. Now it is this Point K* which is the fcc'd 
and immoveable Centre of the Syftem, about which the Sun, 
as well as all the Planets centhmally move. But the Sun be* 
ing always very near it, and its Diflance therefrom vaiy- . 
sng with the different Pofitions of the Planets, the Motion 
of the Sun about this common Centre K will be very irre- 
gular and unequal; while that of the Planets, on account of 
their great Diftance, may be efteemM nearly uniform and cir- 
cular 

9. }f the two Bodies A and B move to or from each other 
in the fame Right Line A B, with Velocities proper to theijr 
Quantities of Matter inverfely, the common Centre of Gra- 
vity C will remain at Reft, becaufe their Diftances from it 
wiU by that means be always in the fame Ratio, nnz, of their 
MafTes inverfely, which is the only thing that makes that 
Point the Centre of Gravity between them. But if both 
Bodies were to move in two different Planes, either in the 
fame or different Diredions, the Centre of Gravity C would 
describe a Right Line, and with a Velocity of the fiune Sort 
as that with which the Bodies themfelves do move. 

or 
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or Beam, tnoveable about or upon a fix'd Pomt, 
(caird the Prc^ or Fulcrum) \ iq;x>n one End of 
which is the Weight to be raifed» at the othef 
End is the Power applied to raife k, as the Hand, 
&^. Since (as we have before proved) the Mo* 
mentums of the fVeigbiy oftd Power ^ are as the 
Quantities of Matter in each multiplied hy their re* 
fpeSive Celerities;^ and the Celerities are as the Di-^ 
fiances from the Centre of Motion^ and alfo as the 
Spaces pafs'd through in a perpendicular Dire&iom 
in the fame Time\ it mud follow, that there will 
be an Equilibrium between the Weight and Power^ 
when th^ are to each other reciprocal^ as the Di^ 
fiances from the Centre^ or as the Celerities ^ of the 
Motions^ or as the perpendicular Afcent or Defcent 
in the fame "Time^ and this univerfiilly in all Me- 
chanical Powers whatibever, which is therefore the 
fundamental Principle of all Mechanics (XXXVII. j 

(XXXVII.) I. The Nature of ths Propofitioii bemg not 
underftood by Smatteren in Mechanics, gave tfacm Oeeafioa 
to imagine the Poifibility of a PerfitMal MgHmhom, one Von 
•f it, which they did not iee was ntteily impoflUble fiom aa<- 
other Part of it. 

2. That hut which ftemM to promife the Poffibility then* pi. Vllt 
of, was this, vi2. Tina tin MomoKa 0/ spud Badia wirt ms Jf'w^ tv» 
tMr Diftatuis from th$ Centre of MotioH. Hence, tey the 
Perpetual-Motion-Men, if a Wheel were conftniAed erf* the 
Form of that in the Figure ABC D, with drcnlar Cells ] * 
from the inner Part EFGH to the oater, cpntahiing 
Balls C, D, £» F, then upon turning the. WheeU th^ 
move towards the Centre N on one Flut, as the Bali E, and 
firom it on the oppofite Part, as the fidl C; and by thit 
Means the Ball C will have a greater Momentum than the 
Bdl F, and fo will determine the Wheel to move round ; and 
fince this muft be the Cafe of all the Balls £ and C that come 
into the Situation £, C> the Wheel muft neceffiurily move con- 

To 
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Plate V. To illuftrate this, let AB be the Lever fup- 
* ^* pofed without Weight, and F its Fulcrum or 
Prop ; let W be a Weight fufpended from the 
End A, and P the Power applied to the other 
End B. Then kt the Lever be moved into the 
Situation CD, 'tis evident the Velocities of the 
Points A and B will be as the Arches A C and 
BDdefcribed in the fame Time: Alfo the per-. , 
pendicular Diftances, through which the Weight 
W and Power P move in the fame Time, are 
C E and G D, which are as the Arches A C and 
BD; and' thefe are as the Radii CF and BF, 
which are equal to A F and B F. Thetrfore in 
order to produce an Equilibrium j k miift be W x 

tinually, bficaofe it will continually bring two Balis into that 
Situation. 

3. *Tls tnue; wei« there but two Batts E and C, the Ball 
C wotdd by this Contrivance move the Wheel one Quarter 
round, inx, while it defcended from C to D ; and by this 
Means would raife the Ball £ to F ; and there they will a* 
^ide inliheSitnation DP; bat» iay the Gendemen of this 
Perfoafion^ two other Balls fucceeding to theTlaces £ and C, 

will ftitt keep the Wheel moving. ^Yes, fo they would, if 

the fiaUs at D and £ could be taken away the Moment they 
came into that Pofition^ not elfe; for the Balls C and E» in 

"\' .' Older to move the Wheel, muft move the BaUs D and F, 
which have equal M^entOy (as being at the fame Difianoe 
each from the Centre, as are the other two refpediively) which 
is abfurd by the gimral Propofititm. 

4. The Abfuidity of a Perpetual Motion will (till further 
appear, if we confider, that me Mamaua of Bodies are al- 
iways proportion*d to the perpendicular Defcent or Afcent , 
to or from the Centre of the £arth. Since, therefore, in 
the Wheel, the Bodies are all equal by Suppofidon, and the 
perpendicular Spaces thibugh which they defcmd and afcend 
below and above the Horizontal Line or Diameter AC, are 
equal; it follows, that an Equilibrium muft neceflarily enfiie. 
Thus fo far is this Wheel from producing a Perpetual Mo- 
tion, that it admits of none at all. • 

AC 
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AC = PxBDi or W5cCE=PxDG,or Wx 
AF = PxBF: Confequently, P:W::AC:BD:: 
CE:DG:: AFiBF. Note, ibai in eftimaiing 
the EffeEls of Machints^ we regard attfy ibc Di- 
Jtmces of the Power or Weight which e^eferpeih 
Mcular to the Unes of THreHimi in wbkh thofe 
Powers aS^ as FB^ or FM, which are perpen* 
^ Hcularto the DireHiens PB and LM. 

The Lev&r is of five Kinds, (i.) The com- 
mon Sort, where the Prop is between the Weight 
and the Power, but neareft the former. (2.) Whea 
the Prop is at one End, the Power apjrfied at the 
other, and the Weight between both. (j.)WheB 
the Prop is at one End, the Weight at the other, 
and the Power applied between both. (4.) The 
bended Lever, which differs only in Form from 
the firft Sort. (5.) When the Prop is placed at 
an equal Diftance between the Weight and the 
Power, and this is commonly callM 

The Balance, whofe Ufe is, with a Pair of 
Scales, to bring one Body to an equal Weight 
with another that is a Standard. The Propor^ 
tional Balance is without Scales, and is ufed for 
difcovcring or affigning any Proportion of Weight 
in Bodies. . The Falfe Balance makes Bodies of 
unequal Quantities of Matter appear to have o- 
ijual Weight. Laftly, the Statera^ or Roman 
Sabmce^ commonly call'd the Steelyard, b a moft 
ufeful Kind of imiverfil Balance, the Stni&w 
and Ufe whereof will: be ea<y to undcrftand'from 
<hc above Principles. . . 

n. Th^ 
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• n. The pulley is an foftnimcnc well 
known ( if fingle^ it is reduced to the Lever of 
the fifth Sort, or Balance, and (6 affords no Ad« 
vantage' in ratfing Weights. If two or more bo 
combihed together in die common Way, S*«^ 
tbe VWftr is to the Weight as Unity to the Number 
€f R^es mobitbgoes lo tie Pulleys of tbe lemer Box^ 
But there arc different Ways of applying Pulleys^ :| 
whofe Advantage or Power will be obvioos ffom i 
a View of the Strufhire of die feveral Sora ^ 
of TackkSj andthe Experiments with them. J^ 

in. Tmt WHEEL and AXLE (com^ « 
monly call*d the Acts in Peritrocbio) is die durd \ 
Mechanical Power. We eafily fee by its Make 
it is reducible to a Lferer of the firft Sort; and j 
that therefore tbe Power is to tbe eighty as tbt 
Diameter of tbe AxU to tbe Diameter of tbe fHeel^ 
in an Equilibrium in this Machine. 

IV. The INCLINED PLANE is the 
fourth Mechanical Power, and from a due Con* 
iideradon of it, it will appear, that, for an Efui^ 
tibriumy tbe Power mufi be to tbe Weighty as tbe 
Heigbt of tbe Plane to tbe Lef^tb. 

V. The wedge is only a double Indmed 
Plane, imended to ieparate the Parts of Wood^ 
(Se. which ftrongly cohere tog^hcr % whence, tA 
idle common Form of it, the Power will be » 
tbe Usance to be overcome^ as ha^ the TMnla^ 
vftbe fl^edge to the Length tbtreof. 

VI. The screw ia the lift ratotion'i 
Mechanical Power, whofe Ufe is both fcr Prtf 
fure and raifif^ of Weights^ but chiefly the for- 
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lificr. ftbe Poweris to the fTeigbi^ as the Velo^ 
city rf the H^eigbt to the VelocUj of the Power^ 
that is^ as the Biftance between two breads of the 
Screw to the Circumference (f a Grcle defctibed kf 
the Power (XXXVIU.) 

V 

(XXXVIII.) I. NotwitMbuid!ng die Dfc in o ulUa t i & a of Ae 
Fondamental Principle of Medumics, as €leliTer*d m dii 
lectures, is moft natural and perfpicaoos/ and eafily lefoltt 
torn what has been faid of the MmnUum of Bodies and their 
edrnmon Centre of Gravity : Yet as Sir Ifaac Newton has de- 
AiOnfbated the fame Thing in a different and moft extenfivo 
Manner, which alfo is tht Confeqaence of a diSerent Prin- 
ciple, o/ras. the Cm^faUn and RefobaM of Forces awiJbuioip 
it win be proper to exhibit and explain that alfo, which is 
as follows. 

1. Suppofe two Weights A, P, appended by the Striqgs p|, vnL 
MA, N P, at the Ends of nnequal Radii O M, ON, ff- rL ^^ 
fuing from the Center O of any Wheel, in a State of Efm- 
Ebrium ; thofe Weights will be to each other reciprocally ai 
OL to OK, that is, A:PnOL:OR, or as the ncareft 
IMaaces of their Lines of Direction from the Centre leci- 
procally. 

3. For on the Centre O with the Radius O L deftd)e in 
Ai^ catting the Thread MA in D, and draw OD whick 
.continue out to £, to which draw A£ perpendicular aad 
eompleat the Parallelogrttn A E D C. Now iince K L pd* 
fes tlmKigh the Centre O and is perpendicalar, to each String 
in the Points K and L by Snppoition; it matters not whe* 
ther the Body A and P be fofpendedfrom the Points M and 
N, or K and Ly or D and L, fiace the Weigrht of the Bo- 
dies is the fame in either of thofe Points refpeftively. 

4. Therefbie let A D es^owid the wbole Foroe of the 
Weight of the Bo^ A, and kt it be refolved into the two 
Forces D£ and AE, of which the former drawing direftly 
fittn the Centre araii nodiing in moving lomid the Wheel; 
but tfas other Part AJL or C D, aCting perpendioibrly upon 
Iht End of the Radios O D, has the Uune Force or prodoces 
the {Bmt Eieft,as if it Jiad aaed perpcndkakrly at the End 
ef the equal Radius O L. 

$. TbOTefi>£e the Weight of P will be ei^efs'd by D C 
(er AE) becaufe of ^ "EfmUhnumi and hence the Weight 
«f A is to that of P 11 A.D to A£; and becaufe <rf' the fit 
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We have here confider'd the Aftion or £?«► 
hA of each of thefe Machines, as they wpuld 

ttulk Trian^ AEDand DOK, we have AD:A£:;DQ 
(=:L6):0K; therefore A:P::OL:OK. 

6. If the Weight /y (eqoal to P) fufpended by the Stringy. 
N/y does at the £uot time in part reft upon the inclined 
Flane/G; let ^Q^be drawn peipendicnkr to /N,/H per- 
pendicular to the Hmzon, and HG throagh the Point H 
perpendicolar to /G: Then will the Tenfion of the String 
FN be to that of the Strii^ /N, as ^H to /N. For fim* 
pofe the Body p wholly fapported by the two Planes p 6^ 
/ Q, it will prds them wkh its whde Force, which may be 
cxprefi*d by /H/and which is lefolvaUe into the two For- 
ces HN and /N» of which the firft prefles the Plane /G» 
fmd the laft the Plane pQj if therefore the Pkne /Qbe re- 
moved, the £une Force n^ firetch the Strihg / N ; but fince 
^=:P, the Force with which P fiietches the String FN is as 
pH; therefore the Tenfion of the String P N is to that ojT 
the String ^N as /H to /N. 

7. Let the Force ofp to move the Wheel (as fupporten on 

&» Plane be caUM x. Then Fix ::/H:^N;andiQ 

w xxpti Ax OK -. ,, , , ^.. 

P= ^<- = ^^ (by 5th), whence we have thit 

Eqaation,;r x/HxOL = AxOKx/N) therefore A r 
^s:/HxOL:/NxOK. Btttheie'dstobeobfefvcdtha^ 
as the String P N is changed into the Pofidon p N, its neareft 
Diftance O L will become OR, fo that the Analog)' between 
Aand;r correaedwillbe A : ;r ::^HxOR:/N xOK. 

8. From what is demonlbated ii fellows (i.) That the 
XineKOL» isaLiriR, whofe Power is always eapre(s'4 

bytheRatio—. (2.) That the Lines MOL, MON, 

UK. 

D O L, are alfo Levers of equal Foite, bccaofe the neareft 
Diftance of their Lines of DireCtikm from die Centre O is the 
fame in all. (3.) Whenever the Lever K L is moved, the 
Velocity of the Points K and L will be pioportional to ihm 
Difiances from the Centre K O and O L, (4.) Therefore the 
Velocities alfo, and perpendicular S|>aoes pafs'd chiough by 
the Bodies Aaad P, will be piopoitioail to the f^d Di&mce* 
from the Centre. > 

9. S2nceP:A:: KO:LO; *tis evident the Power? may ' 
^ in any Proportion Itis then the Wc%ht A, if its Diftance 
from the Centse «f Modoa O L be in the fame Propoftioit 

mfw«r ' 
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anfwer to the Stri&nefs of the Mathemadcal 
Theory, were there no fuch thing as Fridlion or 

mater than the Diilance of the Weight KO, andiyetitt 
Force or Mometttum fliall be equal to that of thit Weight A. 
Whence tl^e Nature of a Lever for increafing a Power fuffi. 
dentty appears. 

10. If the Diilances fiom the Centre OK=:OL; thea 
will the Lever become a commmt Balance^ becanfe then, in 
order to an EquiBhrium, the two Bodies A and P moft have 
equal Weight. 

1 1. If the.Arms of the Balance KO and O L diSer bat 
a very littk'in Length, there will be the fame Difference in 
the Weights A and P. Whence if OK:OL3i:32:: 

P : A ; and therefore if A is an Averdupns Poond, P wOl ^ 

'want \ an Ounce of it and yet be in EftdRbrio. Hence the 
Nature of a Falfe Balance is evident; and in order to dtteft 
it we need only interchange the Weights, for then, in order 
to an Equilihriums we muft have KO :OL :: (31 : 32 ::) 
32 ' SSrr ; but^of this there wants 2yV half Ounces, which 
will render the Fraud very notorious. 

12. The ^rms of a Balance being nicely equated in 
Weight and Length, and divided into an eqtxal Number of 
equal Parts, becomes the Proportional Balance to be ufed witl^ 
out Scales. For any two Bodies hanging on the Arms of this 
Balance in EemilihriOf will have the Proportion of their 
Weights expre&'d by the Numben at the Divifions (whence 
they hang) alternately. 

13. It A C the (horter Arm of a Balance be made equal PI. VIII, 
in Weight to C £ the longer Arm, by the Addition of the Fig. j. 
Ball A, fo that the whole Beam A£ may be nicely equipoifed 

on the Centre of Motion C, it then becomes the Statera or 
Steel-yard in common Ufe. For if B betaken as afix*d 
Point from whence to hang any Weight W, and P be any 
conibmt Weight, which by moving backwards and forwards 
on the longer Arm C £, comes to a Point D of the EqmH- 
hrium\ then will P:Ws:CB:CD; but becaufe P and 
C B are given Quantities^ or always the fame, therefore W 
will always be as C D. Confequently if the Arm C £ be 
divided into Parts each equal to CB, and numbered; the 
Number at which P hang^ will always fhew how many tunes 
P is contain'd in W, and thence its Weight will be known. 

14. If ADBE be a Pulley, upon which hang the Weights 
P, W; then fince the nearcft Diftances of the Strings A W 

and BP, from the Centre of Motion C^ sure AC and BC, ^ig'4. 

I rubbing 
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rubbing of Parts which move upon each othcr^ 
by which means one Third Pari of die iEflfea of 

the Pulley will be reduced to tlie Lever or Balance AB with 
reaped to its Power; and fiom thence itappears that fince 
AC = BC, we (hall always have P=: Wfor an Efidlihnum% 
And therefoie no Advaatnge in raifing a Weight, &« . can be 
had fiposi % fifigb PulUf* 

le. In a C^mbmatiOQ of two PoUies AB and DFEG, 
the Power b doubled; for the Pulley DFEG is redodble 
t» the Lever BP, vHUch auift be confider'd as fi^'d in the 
PL VIIL Point E to die immoveaUe String H E; and the Powo- aa* 
Fig. 5. ingaiD is equal toP, and the Weight W is fuftain'd fhn 
the Centre C of the Pulley, but P: W::CE:D£; there- 
ftre fince DE = 2CE, itis W=aP, orP = iW. 

16. The F(»ce of the Pvli.ies may alfo be eafily fliewtt 
by coo^iaring the Velocities of the Powdr and Weight ; for 
'th evident, if the Weight W be railed one Inch, each Strmg 
HE, BD, win be ihorten*d one Inch, and confequently the 
String AP will be lengthened t9i^ Ltcies» and (b P will pa& 
through twice the Space that W does, in the fame Time, 
wh«ice its Velocity will be twice as^ great, and therefore it 
will be equipollent to a Body W of twice its Weight. 

1 7. In the two other Forms of Pullies *tis evident the 
Fig. 6, 7. PtfWir P is io the Weight W as Umiy or i to the Number ef 

'Bjofis going to the lo^er Pullies^ becaufe if the Weight lie 
rsusM one huh, each Rope belonging to the lower Pullies will 
be ihorten*d one Inch, all which will go into the Rope to 
which the Power P is applied, which therefore muft deicend 
through fo many Inches in the fame Time. Confequently the ' 
Tackle of Pullies in the Form of Fig, 6. will inaeafe the 
Fbwer five Times» and that of Fig, j. will increafe it £» 
Times. 

18. In the Difpofition of Pullies according to Fig, 8. *tis 
plain, finc^ach PttUey has a iix*d Rope, it muft be confider*d 
as a Lever of the fecond Sort, and fo will double the Power 

' of the foregoing Pulley, and b four Pullies will increafc the 

Power fixteen Times. 

19. Though the hft mentionM Form be of the greateft 
Force ifom the fame Number of PuUies; yet if we confider 
the S&n^idty, Force, and Conveniency of a Tackle of Pui^ 
]ie» all together, none is fuperior to that in the Form of Fig. 9^ 
where the 'nppei;raoft Pulley is fix'd> and each has a Rope an. 
ncTftf to the Weight; its Power is dierefore thus eftimattd. 

the 
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fte Machine is^ at a Medium^ dcftroy'd, a$ is 
evident by hq Experiment of the Inclined 

Whea die Wdg^ W is nuTcd onr Inch, the Rope A B will 
be Icagtken'd at amotk, and fo the Pulley C will defcend one 
ladv by whkb meaiis the Rope CD will be lenfthen'd two 
Inchei, aad one by the Rifiiig of the Weight W ; wheM- 
ibre the Piilley E will deibend three Inches; and thus the 
Rope £P wfll be kaffboi'd fix Inches by that means (tim. 
three on each Side) mo the Rifinc of the Weight will cade 
it to lengthen one Inch moiei fii that die Power P goei 
throiHEh feyen Inches while the Weight W rifes onei there- 
fore P : W :: 1 : 7i and thos yoa proceed for any other Nnn- 
faer. 

20. The Wheel and Azlb is a Mechanical Power upon PL VUEJ 
the Cum Principle ; for the Weight W hBnpog horn the Fig. lo* 
Axis A, will befto the Power P» which keeps it in EfmHirk^ 
bverfely as their Velocities ; but the Velocities are as the 
Circomfeiences of the Wheel and Axle; which ag^ aie as 

4heir Diameters or Semidiameters, that is, as their Diftances 
fiom the Centre of Modon. If the Spokes or Handles 
F* G, H, I^ K» &r. be added, die Power of die Machine is 
ftfll ^rther aagmented in Proportion td their Lengths. 

21. That the Inclined Plane is a Mechanical Power 
appears fufficiently in its diminifhing the Weight of a Body 
lad opon it in regard to the Power which holds it in EfwW^ 
hrlo. Let A be a Body fufbunM on the Inclined Pkne BJ}% 
Iron the Centre C, draw C F perpendicalar to the HorisOB 
or Bafe DC; and C £ perpendicular to the Plane, then CP 
will reprefent the whole Weight or Force of Gravity of die 
Body A, which is refolvable into the two Forces C£ and 
£F; but the Force CE being perpendicular to the Plane 
aAs wholly upon it, and is equally re-a£ied on or fufbin'd by 
die Plane; the 0ther Force £F, being parallel to the Flane^ 
is that by which the Body defcends, or is kept fiom de« 
icendinj; by an eqoal Power a6ling in a contrary Dirediqpi. 
Therefore the whole Weight of the Body is to the Power 
which keeps it in EpiiKhio oh the Plane as C F to F £, or 
(becaufe the Triangles CF£ and BDC ate fimihur) as BD 
to BC, that is, as die Length of the Plane to its He^ht^ 
as was more pmicularly ihewn in Jnnot. XXVIII. i, 2. 

22. The Power of the Wedge ACBH isevidencfiom Fijg. tl^ 
ks coniifting of two equal Inclined Planes AHC and BHCj 

4BI it is cftiefly of ufe to feparate the adhering Puts of Wood, 

la Plane^ 
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Plane. And farther, concerning Fridion we are 
to obfcrve, that it is not proportional to the 

and fincc the Power of Cohefion in Wood it every where 
variable and uncertain, 'tis evident there am be no r^kr 
Calculation of the adual Eflba of the Wedge; but if we 
fuppofe the Power of Cohefion in the Wood A D £ B to be 
uniform, or to make every where an equal Refiftance to the 
Wedge ABC, dividing its Parts AF and BG, then the 
Power of the Wedge would be to the Rcfiftancc of the 
Wood, as their Velocities invcrfcly, that is, as the Spaces 
moved through in thie fame Time, that is, as tbt Height of 
the W^dge HC to half its WtM AH. 
PL VIII. 23. In the Screw AB-, fuppofe the Diftance of the 
Fig. 12. Spiral Threads •,% of an Inch, and the Length of the 
Lever FG=i: i6i Inches, then will the Circles defcribed by 
the Iland at F be = 16,5 x 6,3 = 103,9, ^ '^4 ^<^^^ °^^* 
ly, that is, 1040 Tenths of aa Inch; )vhence the Velocity 
of the Power is to that of the Weight, as 1040 to 1 ; there- 
fore the Screw is a great Mechanical Power, either for raifing 
Weights or PreiTure, even though we allow the greatefl Part 
for Friftion. 

Scholium. 

, 24.Having treated of the Simple Pendulum in the preceding Le^ 

Aure, and of the Nature of the Lever in this ; I fhall here let 
the Reader fee how nearly thefe two Inffaruments are allied, 
or rather (hew him that the Lever is in reality nothing but a 
Compound Pendulum ; from whence many Particulars concerning 
the Properties of each, not hitherto mentioned, will occur 
worthy of Obfervation. ^ 

Plate. IX. 2 5. Let C D be a fine Rod or Wire (whofe Weight is inconfi- 
Fig. I . derable) and moveable about the Point C. If A and B be two 
Bodies (of the fame Kind) fix'd at any Diilance Ca, C ^ on 
the Rod ; and then the Rod permitted to defcend freely ; the 
Bodies A and B will begin their Motions with Velocities pro- 
portional to C A and C by and fo their refpedive Momenta will 
be A X C ^1 and B x C ^, in the Points a and b (by Jnuot. 
XXXVIIL) 

26. Now if A i^'Amh : «tf, then will A x tf/n = BxJAr; 
and confequently the Point m will be the common Centre^f 
Gravity between the Bodies A and B (by Annot. XXXV.) 
Wherefore fincc the Velo city of the Point « is as C «, its 
Momentum will be as Cm x A -{- B ; and from the Nature of 
the common Centre of Gravity, we have A x C a 4- B x 

Qb 
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C^ = C»xA + B; and therefore aME ^~ 

C«r; of by putting Caz=a, Ci=:B, andCjw = </i then 

Aj^h ' =^ ^' Suppofc the Moinent the Rod C D began 

to defcend, th*e Bodies A and B were to be difengaged fi-oqx 
it in fuch a Manner as to defcend upon it freely ; then will 
they defcend (not in the Curves af and i^, but) in the Tan- 

fents a candid, defcribing the Spaces ac, bd^ which will 
e as the Inceptive Velocities Qa^ Qb j and of courfe when 
the Rod comes into the Situation C d^ the Bodies will be at 
€ and ^; it being in this Cafe Qa \ Qb :: ac ! bdv. Qc \ 
C d. And m n will be the Line defcribed by the common 
Centre of Gravity. 

27. At f and d, let us fuppofe the Bodies again fix'd to the 
Rod, they will then conftitute a Compound Pendulum, which 
.will now vibrate forwards and backwards through the Angle 
dQr, the Body A defcribing the Arch ces, and B the Arch 
^/r, and the common Centre of Gravity n the Arch nol^ 
As this Pendulum vibrates,the Velocities of the Bodies will be 
every where as their Diftances, and greatefl of all in the Per- 
pendicular Situation Cef: Where the Velocities of the 
Points £9 0, f, may Hill be represented by a^ d, and b. 

28. Now this Compound Pendulum is ifochronous tb [i.e. vibrates Plate IX. 
in the fame Time witli) fome iimple Pendulum of a determi- pjg^ ^^ * 
nate Length P Q^ If then in the Compound Pendulum C d there 
be taken C;r = PQ^,' the Point x is call'd the Centre of 
OiciUation in this Compound Pendubm ; for if the Bodies A and 
B were there fix*d, the Times of Vibration would b^ the 
fame then as now : To determine this Point therefore, is to 
.determine the Time of Vibration in any Compound Pendulum 
whatfoever. 

29. In order to this ; let ns once more fuppofe the Moment 
theBodiei A^and fi come to the Poina # and/ in the Perpendi- 
cuiar, they were difengaged from the Rod, and were to af* 
cend at the End of a String feparately, with the Velocities 
diey had acquired by their Defcent in the Points e and /. 
Then the Altitudes / ^ and k h, to which they will afcend a- 
bove tho Horizontal Line t i zxid/h, will be as the Squares of 
the Velocities at / and/; that is, as aazsA bb; as is evident 
from what has been elfewhere {tiewn(Jnnotat, XXVI. 2, 3.) 

30. The Bodies A and B will in this Cafe arrive to the 
Points g and b before their Motion will be deftroy'd. And 'tis 
plain that egUlefk than f r or es, becaufe the Body A is re- 
tarded in coming from C to r by the Body B. Alfo fb is 
greater than ///or /r, becaufe B has its Motion quicken'd 

Is ^y 
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by tlie Body A. And as when in paffing from ^ to /; tho 
perpendicular Spaces defcended thro' are as the Velodtief 
bngiy, and the Abmcnta as the Velocities and Mafles of 
M^ter conjointly ; fo on the other Side, in paifing from /* 
adod g to^ and ^9 the perpendicular Spacca afoended throu|rh 
are as ^e Squares of the initial Velocities* the Mimenia wiU 
be as the Mafles of Matter, and thofe perpendicular Spacea 
conjointly; that is, ^Aaa zxA'Bbb. 

3 1 , Now in all Cafes, the Sum of the Momenta divided by the 
Sum of the Mafles gives a Qh^^^^^ expreffing the Velocity^ 
or Afccntor Dcfcent of the Centre of Gravity. (See^fr/. 26.) 

TheiefiMre ^f , p — = 4/= the Afipent of the Centre of 
• A -f- o 

Gravi^ ; for the MffHixtum of this Centre of Gravity is on 

both Sides the Perpendicular C/the fiune at equ^l Difbmces, 

and therefore it will always afcend or defcend through the 

^e perpendicular Heights. 

32. Having thus obtained the Expreffion of the Defcent of 
the Centre of Gravity » we have that for the Centre x of 
<%illat]on of courfe, for we have As Qn I Cx :; d I x li 

- — T-~5 — : -- — r^-D-J- = I>«fccnt of the Centre 

of CMciilatton. But the Defcent is equal to the Afcent ; for the 
Point X is adkuated and moved in the fame Manner 2^ the Body 
Q., which in one Ofcillation defcends and afcends through 
#qu^ perpendicular Spaces, and thofe Spaces are always as tfap 
Squares of the Velocities m the loweH Point; and tlicsefoFe 
fcr the Point jr. it will be as Cx^z=:xx. Whence we have 
AdaxA-Bbbx' ,, r Aaa+Bhh 

A7+Tr = ^" • ^""^ *""^''' A^+Bi = ' 

:=:Cx, the Diflance of the Centre of Ofcillation from the 
Centre of Motion. 

33.B!9caufe (in^f/.26.) wehad--^~ = ^; if we fuh- 

ftitute this Equivalent for J in the above Equation, we have 

AaaA'Bhi , , ^ . . «,, * 1 

?r-r ' , ' , zzxi BmthtKforeAaa + Bhb^:zAax + 

A.a ^ Ho 

Bifx. Hence Aaa — Aax TsBib ^Bix; and fo 

Aa :Bi II t^xl x—a; that is, Ax Cr : Bx C^:: 

. xd: xe. From whence it appears, that the Momenu of the 

$odieSy or their Power to move the Pendulum^ are iwverfelj 

froportiortal to their Diftance from this Centre ; which is the 

true Definition of the Centre of Ofcillation. 

34. Therefore when A : B :: ^: a, andfo Atf =:B* ; th^n 

allb^ — x:=zx — a^ or.x dz=:xc i or the Centre of Ojcil- 

lation would Wt€t thp DiAance between the Bodies A and B. 
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ihG^^^Aa + Btzz9, an4i= j--r-g = a, that is, nor 

the Centre of Grtvity will fall upon the Potpt C> and podnce 
an Eqmlihrium ; and A : B :: ^ ! n :: Ci/ : Cr. At waa 
before (hewn to be the Property of the Lever. (See Jamt. 
XXXVIII.) 

39. Thus alfo» with refpe&tothe Centreof QfciIlation,jr::= 

^r ' i * *^ P^^'°» in cafe of an EpuUhri^m whei« 
•— Aa -f" B6 

Aa = B*, we have ;r = ^l^^i?^ = Infinite iforfinct , 

9 
the Lever m this Cafe has no Motion, it can only be ifodira- 
nous to a fimple Pendulum of an infinite I^ei^h, whofe Timet 
of Vibration are infinitely grea^ and its Motita^ of couife, 
not ienfible. 

14- ^ 
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tc. Ifa=#, ortheBody AberemoTedtotlieCditreC. 
thenA4fa=:oyandAii=;9;whenceAr = -5T*:=: j, diat isj 

the Infbtunent then becomes a fimple Penduliun C V. 

36. If the Bodies A and Bare not placed bodi on one Rod, Plate DC. 
bot on two Rods C r and C^, maicing an Angle r C^, being Fig. j. 
united in the Angle C. Then thefe Rods fufpended on the 

Angle C will be the fiun'e Comfomtd PmbUtm as befoiv^ and 
the Centres of Qravity and Ofcillation « and jr» when the 
Bodies are at relt, wiU be both in the Perpendicular Qx^ as 
in the other Cafe, and esqpreisM l^ the fiune Eqoationt, vku 

it will ofdllate in the fame Time with the fimple Pendulima 
PQ^, whcnC* = PQ. 

37. If the Body A be liippofed removed on the other Sidt 
the Line £ D,- its Dillance, Cr zr a^ is now negative, or it 
will be — a in the Equatiom for the Centres; thos dzs: 
— A^ + B^ J Aaa + Bih ^ ^ 

^^^ ■,and^ = -^^--g^,becade--^ax-a 

:szaa. Hence in this Cafe *t]s very obvious that the Om- 
foa/uf Pautt/um is now hccomt z Lever, whofe l^WbiMristhe 
Point C I and A may be coniiderM a^ a Weight to be moved 
by the Power B. And hence becaufe when B^ is greater 
AanAa, 1/ will remain affirmative, therefove « the Centre ot 
Omvity will be m the Part C^, and lb will canfe B to pre- 
ponderate. 

38. On thecontrary« if A« be |;freaterthan Bi, then will iib9 
negative, or the Centre of Gravi^ n will be in the Arm C r, 
^ caufe the Weighs A to defeoid. Bat when A«=r B^, 
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plate IX. ' 40. It is farther evident, that the Centres of Ofdllation an4 
Fig. 4. Gravity are both on the fame Side of the Centre of Motion C ; 
and that when B ^ is greater than A a^ the Centre of Ofcilla- 
tion will be fomewhere on the Side of B in the Line C d con- 
dnued out ; if B ^ exceeds Kn bat a little, it will be at a 
great Piilance, as at ^ ; if the Excefs be greater, it will be 
nearer, as at j*. If it be very great, the Centres will be very 
near as at 0, and when B ^ is infinite with refpedl to A a^ then 
the faid Centre will be in the Centre of the Body B. 

41 . Let the Lever cCdhein Equilihrto with the Weights A 
Fig. 5* ^^^ ^ » ^^^ ^^^ ^^ ^^ required to raiie the Weight A'from c to m^ 
by the Power B ; then if B ^ be ever fo little greater than A a 
it will defcend, till the Lever comes to the Situation m «, as re- 
quired. The whole Action of the Machine confifb in raifing 
the given Weight A to a given Height H, in a given Time; 
«nd this EfFed of the Machine will (c^eteris farihus) be 
greater as the Time is lefs. But the Time is the Time of 
half the Vibration of the Lever ; and the Times of Vibrations 
are lefs as the Inteniity of the Power B is ircreafed, while it^ 
DiiUnce continues the fame, becaufe the Diilance of the Cen-» 
tre. of Ofcillation is diminifhed. 

4Z.Now putting A = Body to be raifed, H == Height, and 
A H 
T = Time, then -;jr- = E = tlie Effe^, or Intenfity of 

the Power B ; whence A H = E T = whole AAion of the 
Machine ; and therefore when E T is leaJi of all, the Ma* 
chine will be in its greatefl Perfedlion ; becaufe as E increafes 
T will decreafe, and though it be not in the fame Proportion, 
yet it will caufe that E T will become a Mmmum at a certain 
Limit ; as will be evident by the following Example. 

43.Suppofe A = 100 /^, and B = 10/^; and ifCciCJ :: 
10: 100 j then- there will be an £yj///iin»w, in which Cafe 
1^ will be infinite, and therefore alio T E^ and confequently 
cannot be exprcfs'd in Numbers. 

44lf B=:ii/i^,thcn , ' r. 1 = "^ = 

^^ —Aa+.Bh —100+ no 

= 1 2e =: A-, the Diftance of the Cerftre of Ofcillation, 

10 ' 

the Square Root of which 10,95 will be proportional to the. 

Time (T) of Vibration, {fee M»otat. XXIX.) This mul- 

• tiplied by E = 1 1 , the Intenfily of the Power, gives 1 20,45 

for the Expreffion of the At^ion of the Lever in this particular 

Cafe. 

45, If B 15;: 15 /i, then, as before, we (hall find x = 32, 

whofc Square Root 5,61^ x 15 (=s T x E =) z^ 84,9 the 

Lever, 
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^antity of Surface^ but to the IFeigbt of the in- 
cumbent Part ; as we ftiall alfo fliew by Experi- 
ment (XXXIX.). 

Lever, which is now lefs than before. Agab, fappofe B or 
£ ;== zolb, then we (hall have ;r =r 21, and its Sqoare Root 
4,6 ; then 4,6 x 20 =3 T x E = 92, which ii awiin greater 
than the M ; the Limit then is between 1 1 Bf, and 20 /?. and 
is very near 15/^, as will appear by the following Table ; 
where the Numbers in the fecond Column exprefs the whole 
Adioh of the Lever in Parts, of which the leaft contains 
1 00000, all which correfponds to the Inteniities of the 
Power increafed from 10 to 20 ih. 

jlBions. Powers, ABttms. 

Infinite. 15,16 ■ ■ 1 00000 

142360 1 6 — -^ 10036S 

1 14036 17 — — loioil 

104677 18 103397 , 

101053 i9 »05575 . 

100016 20 '■ 108330 

46. This Confideration of the Power is bat of little Ufe In 
the Lever ; but as that is the mofl iimple Machme, it was beft 
adapted to explain and exemplify this Doctrine. In the Axis 
in Peritroebh^ and Pulley, it is of gretter \J(€y and fhonld 
not be negkdled ; but as it is there a fiufinefs of great Difl- 
culty and Labour, I fliall refer the Reader to S^Gr'a^efande'% 
third Edition of his Pnnapia, where he may fee the Compttta« 
tions at laige ; the Refult of which in genecal is. That the 
Potuer njohich fttftains the Weight in 'Ea^^hno Jhould he increa^ 
fed hy one half in the Pulley and Axis in Peritrochio, that tht 
ABien ofthofe Machines may he a Minimum. 

(XXXIX.) TheDodhineof Friction is contained mider 
the following Particulars, viz. 

1 . When one Body iniifts on another upon an horizontal 
Plane, it preiTes it with all its Weight, which being equally re- 
aped on (and therefore the whole Effetfl of its Gravity de- 
ilroy'd) by the Plane, it will be abfolutely fret to move in 
any lateral or horizontal Direction by any the leaft Power 
applied thereto, provided both the touching Surfaces be per- 
fcdly fn^ooth or even. 

2. But fince we find no fuch thing as perfed Politure or 
Evennefs in the Sur&ces of Bodies (at leaft fuch as are produced 
hy Art,] but an evident Roaghnefs qr Unevennefs of the Parts 
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As to Qmpoimd Engines and Machines, they j 



arc as numerous, as they are various in their Stru- 
Aurc J concerning all which we may obfervc in 

in dieSar&ce» arting from. the Porofity and peodiar Textnre 
•f the^ody^ it is eafy to underdaml tliat when two fuch Siir« 
^^cet come together the prominent Parts of the one wi& in 
ibme na«afure feU-into the concave Parts of the other, and 
Ihoefore, when an horizontal Motion is attempted hi one, 
the fixM promment IVrts of the other will give more or lefs 
IRefiiftance to the moving Surface by holdtng and detainuq; iti. 
Partly which is what we call Friaim, 

1. Now fince any Bpcfy will require a Force proportioQal 
to Its Weight to draw it over a given Obfiade, it follows that 
the PriAicm arifin^ to the moving Boc^ will always lie in pro* 

grtion to its Weight only, and not the Quantity of the Snr- 
;e, by which it bears upon the reMing Plane or Suiiace. 
Thus if a Piece of Wood four Inches wide, and one loxh 
thidcy be ground, and thereby made exa^ fit to the Surfiice 
of another ^^^ Piece of the fame Wood, it wQl require thu 
lame Weight to draw it sdong on Ae fame, whether it be hid 
«a iti bttm er narrow Side. 

4. For thottgh on th^ broad Side there be four times the 
Number of touching P^ticles (c^mrts paribm) yet each Par* 
(icieis prefs*d witlv&t \ of the Weight that thcrfe are on the 

. aarrow Side} and fince four times the Nund»er multiplied by 
^ ^ the Weight is eiptal to ^ of the Number multiplied by 

. lour times the Weighty 'tis plain the EiFea, that is, the Re* 
fi(bncei i« equal m both Cafes.and to requires the fame Force 
to overcome it. 

5. The Rofim why the Fridion is proportional to the 
Weight of the moving Body, is, becaufe the Power applied 

^ ^ to move the Body muft raift it in fome Meafure ufam and 
onier the prominent Parts of the Surface on which it is drawn ; 
and this Motion of the Body, as it is not upright, fo it will 
aotieoinre a Power equal to its whole Weight; but being 
in the Nature of the Motion on an Intlimd FUau^ (fmce the 
Body bears on the prominent Parts all the while) the Power 
mrhich moves it will be proportional to but a Part of its 
Weight oniyi and this will vary with the various Degrees of 
Smoothnefs or Aiperity between the rubbing Sar&^s, and the 
other.concurnng Circumfbusces. 
PiateX. ^- I iind by Experiment, that a Body ABCD (of Wood, 
Fig^ I. ^^^* ^^') ^^ ^ ^ Sur&oe EFGii, will be drawn a. 

general. 
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general, that they confift of one, two, or more 
of the Simple Powers combined together; th^t 
in moft of them the Jicis in Peritrocbio^ the 

Icmg by a Weight ]^« near/y equal to mt Mrd of its own 
Weight ; if the Surges be hard and well poliih'd, it will ^ 

be lefs th^n a third Parti but if the Parts be foft or ruMcd, ™* *• 
it wiU be much greater. Thus alfo the Cylinder otWooi F'S- •• 
AB^ if vejy finooth, and laid on two well-polifh'd ^por«' 
ters C» Jy, (having been fiift oil*d or greafed) and then 
chajpg^ with the Weight of two Pomda in the two equal 
Balls O, Hj it will require an additional Weight x (equal to 
about a third Part of the two Pounds) to gire Motion to^ or 
overcoine the Friction of the faid Cylinder. 

7. Now this additional Weight, as it caufes a mater Piret 
fure of the Cylinder, will l^wife encreafe the Fri6Uoo> and 
therefore require the Addition of another Weight jr, ef nal 
to-che third Part of its own; for the iame Reafon the Weight 
y w31 require another s, a third Part leis; and ib on a/ /«<- 
Jmtum. Hence upon Suppofition that the Fri£Hon is pre* 
cifely equal to a third of the Weight, the firft Weight with all 
the additional ones, nnx. 2, f , |, ^, &f . will be a Series 
of Numbers in Geometrical Progreifion decreafing. Now ^ 

the Sum of all thofe Terms, except the firft (i. r. the Sunt 
of all the infinite Number of additional Weights ;r«|-jr-|-a^ 
i^c.J is found (by a well known Theorem in Arithmetic) t^ 
be equal to one Pound. So that if the Weight of the Cylin* 
der be inconiiderable, the Way to overcome the Fridioa 
would be to double the Power G, or H, at once. 

8. Bat though we may at a Medium allow about a third 
Part of the Weight with which any fimple Machine is charged 
for the FridUon ariiing from thence, yet this is veiy preca- 
rious and ieldom the Cafe; for if ABCD be a Piece of Brafi 

of fix Ounces, and £FGH be alfo a Plate of Brals, and Fig. tf. 
both the Siufaces well ground and poliih'd, the Weight P of 
near two Ounces will be required to draw along the Body 
AC alone; but if AC be loaded with 6, 8, or 10^, then 
a fixth Part of the Weight will be fufficient to draw it along 
the Plane. If the Plane be covered with a linen or wooUea 
Cloth, then a third, or half Part, and fometimes more, will 
be requiiUe to draw it along on the Plane. 

9. Yet notwithllandiog the Difficulty and Uncertainty at^ 
tending the Eftimation of the Quantity of Fridion, *tis ftill 

a moH ufefu) and neceiTaiy Enquiry how* and by what Means - 

Lever^ 
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Lever\ and the Screw^ are the conftitucnt Parts ; 
tltat in all, a certain Power is applied to produce 
an Effedt of much greater Moment; and that, 

the Fridlion of any Machine may be abated or diminifhcd. 

In order to this we muft confider it mechanically, that is, wc 

Jiale X. i^^ confider Friftion as a Force ading againft a Power ap- 

?ig' 3» pIie<iho overcome it. Thus fuppofe AB an upright Stem or 

' Shaft'feirning freely in the Socket B fix'd in the Table or 

Plane IKLM; and AC, DE two Arms fixM in the faid 

Shaft, the latter of which DE has three Pins going into 

a Socket in the Middle of a heavy Weight F, G, or H, in 

fach a Manner, that when a Power applied at C moves the 

Lever AC, it caufes the Lever DE to protrude or thruft a- 

long the Weight at F, G, or H, in a circular Manner upon 

the Table. 

10. Now fince wc fuppofe the Weight all the while it is 
in Motion is freely and wholly fupported by the Plane, it fol- 
lows that all the Refiflancc it can give to the Power applied 
at C, is only what arifes from its. Fridlion on the Plane. 
What this Friftion is, will be found by applying the Weight 
at G, fo that BG be equal to AC j for then the Power ap- 
plied to C, ading in a Tangent to the Cirdc CRS, that 
ihall juft move the Weight G, will be equal to its Prison 
(by Annotat, XXXVIII. lo.) But if the Weight be applied 
at F, becaufe B F is greater than A C, the fame Power at C, 
as before, will not move it, becaufe here its Force is in- 
creafedby having a greater Velocity than the Power; as on 
the other Hand, if placed at H, a lefs Power at C Ihall move 
it, becaufe of its having there lefs Velocity than the Power. 
All which is plain from the Properties of the Lever, demon- 
ftrated in ^«/7o^^/. XXXVIIL 

1 1 . Hence we underlland, that though the Weight of a 
Machine remains the fame, yet the Fridion may be dimi- 
nifh'd by contriving that the Parts, on which it moves and 
Tubs fliaU have lefs Velocity than the Power which moves 
it. Thus if the^ Cylinder A B were to move on the two 

■ fmall Pins or Gudgeons E^ F, the Fri6Uon would be abated 
in the fame Proportion as the Diameter of thoie Gudgeons is 
' lefs than the Diameter of the Cylinder. 

1 2. The Fridion on thefe Gudgeons is ftill farther dimi- 
jaiih'd by caufing them to move on the Circumference of a 

' Yiht^li thus let F be the Gudgeon of the Cylinder revol- 

m 
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in the laft Place, it is known, that the greatell 
EfFeft or Perfedlion of the Machine is then, when 

it is fet to work with fouf Ninths of that Charge 

« 

ving on the Wheel C DE ; the Velocity of the WheePs Cir- Plate X. 
cumference will be the fame with that of the Gudgeon ; but Fig. 4, 

' the Velocity of the Wheel's Axis AB (which is now to be 
confider'd as the rubbmg Part) is lefs than that of the Wheel 
in Proportion as its Diameter is \eb than that of the Wheel. 
For Example, if the Fri6lion of the Cylinder moving on its 
Sor&ce be ^ Part of the Weight, and the Gudgeons be to 

. the Cylinder as i to 10, t)iey will reduce the Fnftion to -f^ 
Part; and if again the Axis of the Wheel be to the Wheel 
as I to 10, the Wheel will reduce it to 7^ Part; and if 
the Axis of this Wheel be laid on the Perimeter of another 
Wheel, the Friftion will be reduced to a fbll lefler Fart of 
the Weight, ^and fo you may proceed to diminiih the Fric* 
tion ad infinitum. Hence Wheels applied in this Manner arc 
call'd Friction-Wheels. 

13. Beiides what we have now j>reinifed, fomewhat fir- 
ther is neceffary to be 'underftood to diminiih Fridion by 
Wheel Carriages. It was before obfervM that Fridion arofe 
chiefly by lifting the Body over the promment Pkrts of the 
Plane on which it moved ; now if we can contrive to move 
the Body along without lifting or fuifauning its Weight, we 
ihall move it without much Fridion, and this may be done 
by laying the Body on any moveable drcuhu' Subjed, as RoI« 
leis. Wheels, l^c. Thus let A B be the Sedion of an heavy p. 
Body laid on a Roller E F. upon the Plane C D, and drawn ^* 5* 
by the Power P; *tis evident when AB moves, the Aiperity 
of its Surface will lay hold on that of the Roller, and move 
it likewlfe; and *tis as plam, that when the Body AB is 
drawn againft the prominent Parts 9f the Roller, they imme* 
diately give way, and make no Reiiftance^ thus the perpen- 
dicular Diameter ab yields into the Situation ef^ and cd 
fucceeds in its Place. By this circular Motion of the Roller^ 
its prominent Parts below dp only defcend and move upon, 
or over, and are not drawn againft the fix*d prominent Parts 
of the Plane, and fo receive no Reiiflance from them ; hence 
the Body AB b conveyed along without being lifted up, ui 
the Manner as a Wheel is moved by a Pinion, without any 
confiderable Refiilance. And this is the true Foundation of 
this Theory of Wheels^ or Dodrine of Wbeel-Carriaga. 

which 



226 Mechanics. 

whlcn is equivalent to the Power, or will but jilft 
keep the Machine m Equitibrio (XL.) 

(XL.) I. To demctaftrate this Propc^tion, I fliall chufe a 
^iteeX. Water* Wheel A D£ F, drirai roond by a Current of Wa- 
Fig* 6. ter 6 A» ftriking the lower Float-Boards A in a peipoidicu- 
ht Diredion» in the Manner of an onderihot Mill. Now if 
ilb& Wheel be not loaded or charged with any Weight, but 
moves freely on the Gudgeons of its Axis C, then the Wa« 
ter^^ coming on the Floats, will i«t the Wheel in Modon^ 
and a£Ung» upon it continually w31 foon aocderate its Md^' 
tion ib £u-^ as to give it a Velocity equal to its own. 

a. But if the Axle of the Wheel C be charged with a 
We^ht P, which it is obliged to raife, this will give Re- 
fiftance to the Wheel, and duninifli its Velocity, or caafe it 
to move flower than the Water ; $s the Weig^ P is increasM^ 
the Motion of the Wheel will be proportionably retaided ; till 
the Weight P, comine to have an equal MomentMm with thtf 
Water, the Wheel will lofe all its Motion, or be reduced 
to a State of EquiUhritim. 

3. Now let F = Force of the Water, V =r its Velocity^ 
=:: Velocity of the WheeL P s: Weight that holds thi^ 
Wheel im E^Ubrio, x = Weight raifed by the Wheel ia 
Motion. Then the Diilerence of thofe Velocities, vhc. 
V — a; will be that with which the Water firikes the Wheel a 
and fmce the Force of Striking Fluids is always as the Squaro 
of the Velocity^ (as will hereafter be ihcw p) and C aufes ait pro^i^ 
portiona] to their £fFe£U> we fiiall have \^^nt* always pfo-. 
portional to s; and when v =0, we ihall have %zsi2i 
and then V^ will be as P, fo that it will always 1)* 

V*: P :: V^I^*:«i andfoX2ll=sV-.'», aMv=3; 

• P 

vv/p_vv/7 
• P • 

4. But from the PHncipIes of MechaniOi we have the Ra- 
dius of the Wheel A C (n R) to the Radius of the Axle CI 
(= r) as the Velocity of the Wheel v » the Vdoj^ of the 

Weight XI that is, R : f r. Y^^T,^^^ : ^Zx 
^^'^^'^ c Velocity af %. Whieh Vefo^i^ ^ thK 
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TfiE Ccnwrn JACK is a compound Engine^ 
where the Weight is the Power applied; the 

Wright being muli^liedby the We^ x, gives m EifteT* 
liong.X -^^T^^^'^ forthcEffcaofdicEiig^ 



5. This Expicflioii is to^ detCTmined to a ^^^y ^ vm hf 
iittkii^ the Flittion of f~JLlZ£jL^ eynl to Notha^' 

<thc Part ^bcingcouaamt,wncgl«a.) Lct"^^^. "^^^^ 

=>, then s •?■ — xi/7 = « X H — «' ss fxP*ssn 

(bfcaafe P* IS coaflant) thcrdorexiP^-* | «^ jiss^st^ 

lience xP^= |«^«, therefore P^ = 4 «^ ; whonce Ps 
|z, and«=z|P| thatin, the Weight «:» when the Kibchiaa 
is in its greateft Peiiedion, is eqnafto | of the Weigjht P. 
that will keep it f«£f»tfM#. ^S.D. 

6. Hence, '^ t^ ^^^ rf^^'^tR^ V4/P— Vi/? ^ 

• P 
IU>ftitute die Value of «, vyc. $ P^ ^ fliall havv « a 

• p 

VxiVP, theicfofCivbs:! V. Thatis, the VehMatyof 
die Wheel (v) is equal to the TJUrdPart of the Vdodtyof 
the Water, when the Machine is in the greateft P^rfi^iOB. 

7. When the Wheel is kept im Emiliirk by the Wei^ P. 
wthav€F:P::CB(=rj:CAX=R} by thenkcmles 

F R 
ofMochanies; whence we have ^ — =:Pi whence a(=: 

r 

(I P=) I lii; whkh Values of « and P, fubftitnted in 
the Bapitgon !J^ x "'^^":!^'' , will gwe^ VF 

R v^p 

fa the EmMmtof ska gieateft Efita oTthe Engine. 

a. To ffliiftsaie tkb by Esosaplei fappc^ G A a Body of 
Water ifliuM from an Apettme in the PeaStock 9m F^at 



«7iiinr,»ui<ntf Feet below the Sai&oeo the Water-Head s 
hi drisOdid^fofCCoftfaf Water Fs 150 i», and die Ve- 

Fri^ion 
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Friftion of the Parts, an4 the Weight with which 
the Spit is charged, is the Force to be overcome » 
and a fteady, uniform Motion, by means of the 
Fly, is the End or Intention of the Machine 
(XUO 

tocity V =: i6 Feet per Second (as will appear here- 
after); whence -^ VF = i^iLiSiiLi— == 592,6, 

27 

and this is the greatefl EIFedl of the En^e; now if R : r :: 

8:1; then P = - — == 2000 J and 2 = ^ P = 888,9 Jh. 

And its Velocity will be-J- of -J of 16, or| of a Foot perSe- 
cond. To prove the Truth of all that has been faid, one 
need only tske % either greater or leiTer than 888,9 Ih^ and 

r VjB 
then the Expreffion for the Eifc£i of the Engine — g- X 

^"p _ \/^ 

, will give a Number in each. Cafe leis than 

l/P 
592,6 ; which therefore is the Maximum^ as above found. 

(XLI.) I. The Fly is the only Part I ihall here take no- 
tice of in the Chimney- Jack, and (hail explain its Nature and 
XJfe both there and in other Mechanical Machines. For it 
may be applied to any Sort of Engines to very good Pur- 
pofes, which have a quick and circular Motion, and where 
the Power or Refiibnce a6U unequally in the different Parts of 
a Revolution. 

2. The Ufe of the Fly is to facilitate the Motion of En- 
gines, by accumulating and retaining the Power conmiuni- 
cated to it, and exerting it gradually and equally in each Re- 
volution of the Machine ; whence it comes to pafs that the 
Motion of the Machine is rendered very nearly uniform and 
of an equal Tenour in all Parts of the Revolution, and there- 
fore more eafy^ pleafant, and convenient to be a6led by the 
impelling Power. For neither the Strength of Men, nor othe/ 
Powers or Refifiances aifeding the Engine, can or do ad e- 
qually and uniformly in every Part of a Revolution. Thus 
Meat on a Spit gives always more Refinance on one Part than 
another, by which means the Motion would be fo irregular 
and jolting, that it would foon become ihaken and loofed 
from the Spit, and fo not be carried round, were not this Ir- 
regularity prevented by the. f\)\- . . 

In 
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In clocks, watches, ^c. thePowcr 
is the Weight or Spring -, the Force to be over- 
come is the Friftion of the numerous Parts, which 
are chiefly a Combination of Wheels and Axes, 
whofe Ufe is to divide a large Portion of Time, 

3. The Fly dofcs not add any new Power to an Engine* 
as feme have miagin*d; as is'eiodent for the following. 
Reafons. (i.) The fly has no Motion but what it receives 
at firft from the Machine. (2.) A Decree of Force is always 
neceflary to maintain the' Motion of the Fly, which maft be 
fupplied from the Mgchme. (3.) The FriAion of the Pivot, 
Screw, isfc. of the Fly is a Reiiflance to the imprefs'd Force, . 
and muft abat6 it. (4.) The Air likewiie makes Refinance 
to the Weights at the End of the Fly. Upon all which Ac- 
counts *tis eafy to underfland, that the Fly, indead of adding, 
does very madi decreafe or leflen the Power imprefsM on the * 
Machine. , 

4. The beft Form for a Fly is that of a heavy Wheel or 
Circle, of a fit Size ; for this will meet with lefs Refifiance 
from the Air; and being continuous, and the Weight every 
where equally dillributed through the Perimeter of the Wheel, 
the Motion will be more eafy, equable, and regular. In 
this Form the Fly is moft aptly applied to the perpendicular 
Drill, where it not only gives Weight and Regularity of Mo- 
dbn, but contributes to keep the Drill upright by its Centri- 
fugal Power. 

5. In this Form it is alio beft applied to a Windlafs or com- 
moii Winch^ where the Motion is pretty quick; for when a 
Man turns the bended Handle of the Winch, his Strength is 
not, nor can be equally exerted in every Part of the Re- 
volution; for in pulling upwards from the lower Quarter, he 
can exercife more Power than in thnifling forward in the up- 
per Quarter, where, of courfe, part of his former Force would 
be loft, were it not accumulated and conferved in the equa- 

.ble Motion of the Fly. By this means a Man may work all 
Day in drawing up a Weight of \olb, whereas 30/^. would 
create him more LaixKor in a Day without the Fly. 

6. The Fly is fometimes made ufe of to increafe the Force 
of Mechanical Engines, as of the Lever and Screw, in that 
for Stamfing of Money in the Mint. Here the Power ex^ 
erted by the Man is accomulated by the large Weights at 
each End of the Lever; the Lever increafes and communis 

K as 
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as a Dof or an Hour^ into very minute equal Parts^ 
as ^inutes^ Siconds^ &c. and to point out thofe 
Divifions by an equable Motion of a proper Hand 
or Index round a graduated Circle (XLII.) 

cates it to the Cylinder upon which it is fixM ; the Saw 
does again iacreafe or Gon^epfe it upon the Meda}, by means 
of wUch the ImpreiCon of the Image is m^de. | 

7. "iTie great Power of this (or any other Kfsfchine of thi» | 

Kind) may oe thus t:0Hiputed. Sa|>pofb Ac Ahrn of the Fly 
15 Inches each, or the Lengtii of the tever 30 Inches, and 
each Weight to be ^oBf. and the Diameter of the Cylinder 
at the Screw be one hch. If each Stroke be m^de in a Half- 
tircle, which will be four' Feet, ana iii half a Second of 
Irime, the Velocity (being equably accelerated by the con- 
p tinued Adion of the Man) will at the Inftant of the Stroke 
be at the Rate of eight Feet per Second; therefore 8 x 
100/3. = 809/3. for the Momentum of the Lever or Fly. ^ 
!But fmcc the Diameter of the ScreW is but ^ of the Length 
of the Lever, we fhall have 30 x 800 /3. = 124000/^. for 
the Momentum of the Engine, which is equal to th^tof ioo/3. 
idling 120 Feet; which prodigious 'Force is fiill farther ih- .. . 
creafed for coining larger Pieces of Money, by increa£ng the 
Weights and Arms of the Fly, 

(XLII.) I. I fhall here flic wAe Principles of Watch wid 
Clock- Work, and how to calculate the Numbers for ffie 
' Movements, in as clear and compendious a Manner as I pof- 
. fibly can. In all Automata^ or Machines of Clock- Work, 
there is a natural Agent, or Principle of Motion; which, by 
adling on one Part, gives Motion to that, and all the other 
Parts depending upon it, and thus becomes the Primum Mo- . 
bile, t)r firft Mover to the whole Machine. 

2. In common Gocks and Watches this is of two Sorts, t^iz. 
A SpHiNG or a Weight; either of which may be made to 
aft with any determinate Force; the Sprkig by its Elapcity^ 
and the Weight by its Gra'vity. In tliele Machines this For<*c 
is required to be fuch as will overcome the Vis Inertia and 
Fri£lion of.all the Parts in Motion ; \vhich in Watches is very 
inconfiderable, but in Clocks is much greater, and that in 
Proportion as they are more compounded. 

3. The Manner in which a Weight afts upon the Cylinder, 
about which the Line or Cord (to which it hangs) is wound, 
is eafy to be underftood by all ; but the Aftion of the Spring 
«»l'd up within the Cylindric Barrel or Box of a Clocker Watch, 

is 
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b foiMwhat more nice ^uui myflerious ; and the Manner liow 
it suQs iipoa the Fu&e always with an equal Force by roeaot 
of the Chain^ and the proper Figure of the Fufee for that Fur* 
pofe, is next to be explain^. 

4. The Chain being fix'd at one End to the FuTee, and at 
the other to the JBarrel, when the Machine b winding op 
the Fofeeii tumM round, and of courfe the Baonel; on the 
Infide of the Banel is Sx'd one End of the Spring, the other 
feid being fcc*d to an immoveable Axu in the Centre. As die 
Barrel moves ro]|iid, it coils tbf Spni^ feveml Times about 
the Axis, thereby increafing its elaftic Force to a proper De- 
gree ; all this while the Chain is drawn off the fiand up- 
on the Fufee; and then When the Inftrumei^ is wound uf^^ 
the Spring by its daftic Force, endeavoormg conflantly to 
unbend itfelf, a£b opon the Barrel, by canying it round ; by 
which means tke Chain is drawn off from the Fufee, and thus 
t.ms the Fuiee,and coniequently the whole Machinery. 

5. Now as the Spring unbends by degrees, its elaftic Force, 
by which it affeds the Fofee, will gradually decreafe s and 
therefore unle(s thore were fome Mechanical Contrivance in 
the Figure of the Supei£cies of th^ Fufee to caufe that as 
the Spring is weaker, the Chain ihall be removed farther 
horn the Centre of the Fufee, fo that what is loft in the 
Spring's £lafticity is gained in the Length of the Lever ; 1 
fay, unlefs it were Ybr this ContriYance, the Spring's Force 
would always be unequal upon the Faice, and fo would pro- 
duce an unequable Motion of the Parts of the Machine. 

, 6. The Figure of the Curve, whicli Ihall form the Super. FlatcXl. 
ficies of the Fufee by a Revolution about its Axis, may be ^%* '* 
I inveftigated as follows. Let BCD be the Curve, AL the 
Axis <5* the Fufee produced; let D be the Point where the 
End of the Chain is fixM on the Fufee when the Watch is 
down, or the Spring uncoil'd, and B the Point where it 
touches it when the Spring or Machine is wound up. From 
the Points H and D let &11 the Perpendiculars to the Axis ' 
B A and DH; in which produced, let there be taken A.E 
and H I proportional to the Force or Strength of the Spring, 
when the Chain is at B and D. Through £, I, draw the 
Right Line EIK interfedling the Axis fomewhere in K; and 
from any Point C in the Curve, draw C F perpendicular to 
the Axis in G; then will .FG be as the Strength of the 
Spring'when the Chain is at G. 

7. Now, fince^he Force a^ng on the Fufee ongnt al- 
ways to be uniformly the lame; and this Force being al- 
ways as ' the Strength of the Spring expiefs'd by F G, and 
the Oilbnce at which the Chain 'a^ls from the Axis of the 

K 2 Fufee 
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,Pufec conjointly: Therefore the Force at any Point C will 
be as the Rediangle FGxGC, and fince this is a given 
Quantity it may be jnadc FG x GCz=:ah, and fo wc have 

8. Therefore to determine the Equation of the Curve 
BCD, letKH=^, HI=^, Ha= ;r, and G C = j^. 
Then becaufe of the fmiilar Triangle H K I and G KF, we 

have H K : H I :: G K : FG = — ; thatgs, a : * i-a+x : 

y 

— ; whence we have aii z^ ay ^ xy, which is the Equa- 

tion of the Curve, and fhews it to be of the Hyperbolic Kind, 

9. The Form or Figure of the Fufee being thus deter- 
mined by the given Force of the Spring in the Points B an8 
D, and the Points G taken at Pleafure fucceffively from H 
towards A ; we next confider that it is afted upon, or put in- 
to Motion, by an uniform Force ; by which means alfo the 
Great Wheels which is fix'd to it, is put into Motion, and 
that drives the Pinion of the Centre Wheels which Centre 
V^heel drives the Pinion of the 7bird Wheels and this drives 
the Pinion of the Contrate Wheels and this the Pinion of the 
Balance Wbeely which plies the two Pallets on the Axis of the 
3alance, and keeps the Balance in Motion. 

10. «The Balance in a Watch is inilead of the Pendulum 
ii\the Clock 5 both ferving to goverti the Motion of the whole 
Machinery. To this Balance is fixM a fmall Steel fpiral Spring 
which regulates the Motion thereof, and makes it equable ; 
whence it has its Name oi Regulator, N. B. Tbe Reader <will 
do nuell to ha've his Eye upon tbe internal Parts of tbe Watch ^ as 
be reads this Defcriftion. 

1 1 . When the Watch is wound up, the Chain from the 
Spring exerts a Force upon the Fufee, which gives Motion to 
all the Parts of the Machine in the following Manner ; which 
will be eafy to underftand when the Number of Teeth in each 
Wheel, and Leaves in the Pinions which they drive, are fpc- 
cified. And thefe in Modem Thirty-Hour Watches are as 
follows. 

Teeth. Leaves. 

Great- Wheel 48 12 

Centre- Wheel 54 ■ 6 

Third- Wheel 48. 6 ' 

Contrate- Wheel 48 r- 6 

Balance- Whcicl 15 2 Pallets. 

12. Hence 
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.12. Hence 'tis eafy to undcrftand how often any one Wheel^ 
moves round in the Time or one Revolution of that which 
drives it. Thus the Gf eat- Wheel on the Fufee, having 48 
Teeth, and driving the Centre- Wheel by a Pinion of i z, 
muft^caufe the Centre- Wheel to move round 4 Times in on« 
Turn of the Fufee. And fo for all the reft, as below. 
12) 48 (4 = Turns of the Centre- Wheel. 

6)54(9=Turnso]rthe Third- Wheel. 

6) 48 (8 = Turns of the Contrate- Wheel. 

6) 48 (8 = Turns of the Balance- Wheel. 

13. Whence it follows that the Toms of each of thofe. 
Wheels refpedkively in one Turn of the. Fufee, will be had 
by multiplying thofc feveral Quotients together fucceflivdy, 
as foUow^: 

I Turn of the Fufee or Great-Wheel. 
^ 4x1=4 Turns of the Centre- Wheel. 

9x4x1 = 36 Turns of the Third' WecL 
8x9x4x1 =288 Turns of the Contrate -Wheel. 
8x8x9x4x1=: 2304 Turns of the Balance- Wheel. 

14. The Balance-Wheel having 15 Teeth, and each ftrik- 
ing a Pallet twice in one Revolution, there will be 30 Strokes 
upon the Axis of the Balance, which we call the Beats of th^ 
Balance ; and therefore there will be 2 304 x 30 =: 69 1 20 
Beats in one Turn of the Fufee or Great- Wheel. 

15. The Centre-Wheel is that which we muft have the 
principal Regard to in the Di'vifion of Time; the Wheels be- 
yond this, towards the Balance, fcrving only to multiply the 

#8trokes of the Balance, and caufe it to move with an infen- 
fible Power, and be thereby fubjed to a more perfedl Rega- 
lation. But the Centre- Wheel is that upon which both the Hour ' 
and Minute Hand is moved or carried round upon the Face 
of the Watch to indicate the Time, *vi9i, the Hour of the 
Day, or Minute of the Hour. 

16. Since the Time of the Watch's going is 30 Hours, 
and the Minute Hand, and confequently the Centre- Wheel* 
goes round once in an Hour, the faid Centre -Wheel will have 
30 Turns in the Time of the Watch's going; and becaufe it 
has four Turns in one of the Fufee, therefore 4) jo( = 7i = 
the Number of Turns of the »Fufee in winding up the Watch. 
Whence 69 1 20 x 7,5 = 5 x 8400 = the Number of Beats du^. ^ 
ring the whole Time of the Watch's going. 

1 7. If then we divide 5 1 8403 by 30^ we (hall have the Quo- 
tient 17280 = Number of Beats in an Hour, which is call'd 
the Tr a I n of a Watch ; and it is faid to be a fwifter orjio^er 
Train as the Number of 'Beats in an Hour is greater or leiTer. 
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If we divide the Train 17280 by 3600, the Seconds ill tn 
Hour, the Q^iotient will be almoil 5 ; that is, there will be 
near 5 Beats fer Second in fuch a Watch. 

1 8. From^this Analyiis of a Watch^ it. will be eafy to form 
an Idea of the Manner of Calculation for the Numbers of 
the Teeth and Leaves fot the feveral Wheels and Pinions ' 
throughout the Work j and I fhall endeavour to ^cilitate and 
illuftrate this by an Example of the Numbers for a Watch 
whofe ^ratn is i44.oOyand which thefefort will beat Qgartcr- 
Seconds, becaufe fuch an one will be ufcful for many Philo- 
f6]phical Purpofes, as well as the conmion Meafure of Time. 

19. The Time which this Watch fhall go, may be 32 
Houn; then "^ 1 4400 x. 3 2 =1:460 800= the Beats of the Ba* 
lance in the whole Time. Suppofc the Number of Turns 

'in the Fwfee be 8; then 8) 460800 (=5 7600= the Beats in- 
one Turn of the Fufee. Again, let the Number of Teet# 
in the Balance Wheel be 15, there will be 30 Beats in one 
Turn of this Wheel; then 3c) 5 7600 (=1920, which will 
be the Number arifing from the continued Multiplication of 
all the Quotients of the Wheels, divided by the Pinions they 
drive from the Great- Wheel to the Balance-Wheel, as will 
b^eajy to underftand by Art, i ^, 1 3- 

20. The Bufmefs is now to break this Number into 4 con- 
venient fmall Numbers, which multiplied together fhall make 
the fame Number 1920. This may foon be done by a few 
Trials ; thus fuppofe I take the Number 4 for one of them ; 
then \) 1920(480. This Number, 480, \ jJainly fee can be ■ 
divided by 6 without a Remainder; therefore 6) 480(^1 80 ^^ 
and as I plainly fee that 80 z= 8x10, therefore the four^ 
Kumbers lought are 4, 6, 8, and 10. For thefc, multiplied 
together, make 1920, m%. 4x6x8x10=1920. 

2 1 . Having thus got the Quotients, it will be very eafy 
to find what large Numbers, divided by fmall ones, wUI pro- 
duce the faid Quotients ; thus 1 2) 48 ( = 4 ; wherefore, if I 
allow 48 Teeth to the Great-Wheel on the Fufee, it muft 
drive a Pinion of 12 on the Centre Wheel. 

22. In the next Place, for the Quotient 6, I chufe the 
Numbers 54 and 9; thus 9)54(=:6, which fbews that the 
Teeth of tl* Centre- Wheel may be 54, a;id it muft then ' 

. drive a Pinign of 9 on the Third Wheel. Or, if inftead of - 
54 and 9, f* rather make choice of 48 and 8, it will anfwer 
the fame End ; for 8) 48 ( = 6, as before. 

23. Then for the Quotient 10, 'tis eafy to fee, that 50 
and. 5 will produce it, «i;/«, 5) 5o(= 10. That is, the Third 
Wheel having 50 Teeth muft drivf a Pinion of 5 on the 
Comrate-Whtcl. If the iaid Wheel has 40, or 60 Teeth, 

and 



Mechanics* 135 

aikd diiiye a Pinion of 4 or 6, the fame Number of Turof 
will be obtainM. 

24. La£Lly, for the Quotient 8, we have the Numbers 48 
and 6 ^ for 6)48 (= 8 j pr 7) ^6[z=z 8 ; or 5)4o(= 8. Whence 
if the Contrate-Wheel be allowed 40, or 48, or 56 Teeth, 
it mud drive a Pinion of c, 6, or 7 Leaves on the Balance- 
Wheel. 

25. By this Means all the Wheels and Pmions are deter*. 
mined, and adjufled in the Body of the Watch from the Fufee 
to the Balance; but all thaf we have hitherto done fhews 
only the Minutes of an Hour, and Seconds, or ^arUr-Secondt 
of a Minute; bat nothing has yet been mentioned relating 
to the Medianifm for (hewing the Hour qfthe Day, of which , 
we fhall treat in the next Place. 

26. This Part of the Work lies conceal'd from Sight be- 
tween the upper Plate of the Watch-Frame and the Dial- 
Plate ; and fincc few People have the Opportunity of viewing 
this Work, I have here reprefented it by a Figure ; wherein 
ABC is the uppermoft Side of the Frame-Plate, as it ap- 
pears when detached from the Dial-Plate; the Middle of this 
Plate is perforated with a Hole receivmg that End of tfee 
Arbor of the Centre-Wheel which carries the Mimite-Hand'i plate XL 
on this End of the Arbor, near the Plate, is .fix'4 » Pinion Fig. 2. 
a b of 10 Teeth; this is called the Piniou of Report i it drives 
a Wheel r^ of 40 Teeth; this Wheel cd carries a Pinion 
efof 1 2 Teeth, and this drives a Wheel g h with 36 Teeth. 

27. As in the Body of the Watch the Wheels every where 
drive the Pinions, and fo quicken or increafe the Motion ; 
here, on the contrary, the Pinions drive the Wheels, and by 
that means decreafe the Motion, which is here neceffiiry; for 
the Hour-Hand, which is carried by a Socket fix*d on the 
Wheel I' i&, is required to move but once round while the 
Pinion ab moves 12 Times round. To this End the Mo- 

'tion of the Wheel cd is \ of the Pinion a b, becau(e i o)4o{=z4, 
, Again, while the Wheel cd or the Pinion ef, goes onc« 

rounds it tumsthe Wheel^ b but- Part round, for 1 2)^6{=:$. 
Confequcntly the Motion of gb is but 4 of 4: of the Mo- 
tion of ab; but I of i = T'x» that is, the Hour- Wheel /> 
moves once round in the Time that the Pinion of Report on 
the Arbor of the Centre or Minute-Wheel sokes twelve 
Revolutions as required. 

28. Having thus (hewn the Nature and Manner of the Me- 
p chanifm of a PTatcb, the Strudture of that Part of a CLock, 

which is concerned in (hewing the Tin^e, will eafily be on- 

! derftood^ efpccialiy as it is reprefented in the Draught. The 

Mechanifin of a Clock confiils of two Partj^ one t(xjbew Ai 

• K 4 . r»«^ 
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TiW, the oth^ to report it, by ftrikirig the Hour upon a Bell. 
How each of thefc is effeftcd, I fhall fhcw by the following 
Steps. . 

Plate XI. 29. Each Part is aftuated or moved by Weights, as in com- j 

fig. 3, mon Clocks, or Springt included in Boxes or Barrels, as A ; \ 

this Cylinder moves the Fufee B, and the great Wheel C, 
(to which it is fix'd) by the Line or Cord that goes round 
€such, andanfwers to the Cham of the Watch. The Method 
of Circulation is here nearly the fame as before. For fuppofe 
here the Great- Wheel C goes round once in twelve Hours ; 
then if it be a Royal Pendulum Clock, fwinging Seconds, i\e 
have 60 X 60 X 1 2 z=i 432000 Seconds or Beats, in one Turn 
of the Great Wheel. 

30. But becaufe there are 60 Swings or Seconds in one - 
Minute, and the Seconds are ihewn by an Index on the End 

of the Arbor of the Swing- Wheel (which in thofe Clocks it 

in an horizontal Pofition) therefore 'tis neceflary that the ' , 

Swing- Wheel fhould have 30 Teeth. Whence 60) 43200 (= / 

720, the Number to be broken into Quotients for finding 

the Number of Teeth for the other Wheels and Pinions, as ^ 

before, in Jrt. 20. ' 

31. But fince the Minute- Wheel D goes 12 Times round j 
• in one Turn of the Great- Wheel C, we know one of the 

Quotients muft be 1 2 j whence 1 2)72o(= 60 ; and 60 is com- 
pounded of 6x10, or, 8x7,5. ^ ^^^ either 6 and 10, or 
5 and yl are the two other Quotients; but the latter Num- 
bers are preferable to the former, as affording a greater Ui i- 
formity of the Parts and Eafe in ^the Execution. Therefore 
8) 6a{=:7-i ; hence if we give 60 Teeth to the Middle or Mi-H 
nute -Wheel D, and ft drives a Pinion of 8 on the Contrate- 
WheelE, 

32. The other Quotient 8 will give us 8)64(1=8, or 
7) 56 ( = 8? that is, if we give 64 Teeth to the Contratf- 

. Wheel E, it muft drive a Pinion of 8 on the Arbor of the 
. Swing- Wheel. But if only 56 be allowed, then it muft drive ^ 
a Pinion of 7, and thefe laft Numbers are now generally ufed« 
t Thus much for the Time Part, as far as the Minutes and Se- 
conds : As for the Pinions and Wheels to (hew the Hours, 
they are the fame as was before fhewn ia the Watch, Jrt. 
26, 27. 
i .. 33. In Si>ring Clocks the Difpofition of the Wheels in the 

Watch Part is fuch as is here reprefented in the Figure, 
where the Swing-Wheel F is in an horizontal Pofition, t^^e 
•Seconds not being fhewn there by an Index, as is done in the 
large Pendulum Clocks, according ;o the foregoing Calcula- 
^ »ion : Whence in thefe Clocks the Wheels are difpofed in a < 

different \ 
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I difFerent Maimer, as rqtrefented in Fig. 4. where C is the 

Great- Wheel, D the Centre or Minute- Wheel, both as be* 
fore; but the Contrate- Wheel £ is placed on one Side, and 
F the Swing-Wheel'is placed with its Centre in the fame 
perpendicolar Line G H with the Minute-Wheel, and with 
its Plane perpendicular to the Horizon, as are all the others. 
Thus the Minute and Hour Hands turn on ^e End of the 
Arbor of the Minute- Wheel at a, and the' Second-Hand on 
(he Arbor of the Swuig- Wheel at b, 

34. It remains now that we give an Account of the.Machi- 
nery of the Striking-Part of a Clock. Here, as in the Watcb- 
Party the Primum Mobile is a large Spring, in the Spring-^ 
Barrel G ; but in long Pendulums it is a Weight, as is wdl 
known. This by its Cord and Fuiee moves the Great IVbed 
H s that gives Motion to the Pin-Wbeel I \ that continues it 
to the Detent or Hoof -Wheel K ; and that to the Wamittg 
Wheel hi which at laft is fpent on the FJ^ng^Pimon Q, whi^ 

^ carries the Fly or Fan ; and by its great Velocity it meets with 

^\ great Reiiilance from the Air it ftrikes^ and by this meana 

bridles the Rapidity of the Clock's Motion, and renders it 

equable. 

35. All thefe Wheels are quiefcent .or motionlefs, unleis 
when at the Beginning of each Hour the Detent O is lifted 

-up, by which means the Work is unlocked, and the Wholi 
put into Mbtion by Virtue of the Spring in the Box G. Dur- 
ing this Motion dike Pins ^, ^, ^, #, of the Pin- Wheel I takes 
the Tail of the Hammer T, and carrying it upwards removes 
the Head of the Hammer s from the Bell R; then being let 
go by the Pin it is made by a (Irong Spring to give a forcible 
Stroke upon the Bell, and this is repeated as often as the Hour 
requires, by means of a Contrivance in another Part. 

36. This confifts of moveable Wheeb, and feveral Levers, 
and other Parts, which cannot be underftood by a bare De- 
fcription, or even by a Rcprefentation in a Draught, fo well 
as any Perfon may have an Idea of them by taking off the 
Face or Dial- Plate of a late -made Eight-Day Clock ; for, 

• within 8 or 10 Years paft, great Improvements have been 
made in this Part of the Mechanifm. Of which, perhaps, I 
may give a more ample Account in another Place, the Scope 
of my prefent Dcfign not admitting it here. 

37. To the Invention of Mr. Maurice Wheeler we owe the 
curious Contrivance of a Clock defcenAing on, an Inclined Plane i 

' the Theory of which is worth any Gentleman's Knowledge, 

and may be fecn in N** 161. of the Philefipbical Tran/aSions, 
. Alfo the Ctock itfelf may be fcca at D<m Saltero^s Coffee- 
Houfe in Chelfea, 

38. But 
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%$. %m feice mxof P^Ik m^X ^ve a Cmiofity t# beac- 
nue X. ^oaomcd with diii odd Kind of Machinery, who have neither 
Kg. 7* of the Oppoitnilities abovementionM, I will ker^ prefent them 
Avidia flim Accoont of this Clock. D£ is the inclined Plane 
eo which the Clock ABC defoends ; 'VLoisA&s externally of 
a Hoop, and two Sides or Plates fianding out beyond the 
Hoop about \ of an Inch all roond^ and indented thai the 
Clock may wntJUde^ but torn round as it moves down. 

39. One of thofe Plates is infcribed with the 24 Hours, 
which pais fooceffivety onder the Index, which i» always in a 
Pofitioa perpendicular to the Horizon, and fliews the Hoar 
on the Top c^ the Machine : For this Reafon the lower Part 
of the Index is heavieft, that it may preponderate the other, 
and always ke^ it upright as the Movement goes on. 

40. For the internal Part or Mechaiyfm, let LE DQ^be 
the ottcmal Circumference of the Hoop, and //the Frames- 
Plate cHi which is placed the Train of Wheel- Work i » 2, 3, 4. 
which is much the fame as in other Clocks, and b governed 
by a Balance and Regulator as in them. But for a Spring 
and Fufee, there ne^ none in this Clock* their Effedb be- 
ing otherwife anfwer'd, as we (hall fee. 

41. In this Machine the great Wheel i is phiced in the 
Centre, os vapoxk the Axis of the Movement, and the other 
Wheels and Parts towards one Side, which therefore would 
prove a Bia(s to the Body of the Clock, aad caufe it to move, 
even on a horizontal Plane, for fome (hgrt Difbmca s this 
makes k neceffiiry to fix a thin Plate of Lead at C on the op« 
polite Part of the Hoop, to reHore the Equiiihrium of the Mov^- 
aient. 

42. This being done, the Machine ^ifl abide at reft in any 
^ Pofition on the horizontal Plane H H ; but if that Plane be 

changed into the Inclined Plane D £, it will toucli it in the 
Point i>; but it cannot reft there, bccaufe the Centre of Gra- 
vity at M acting in the Diredion M T, and the Point T ha- 
ving nothing to fupport it, muft continually defcend and carry 
* the Body down the Plane. 

43. But now if any Weight P be £x*d on the other Side 
the Machine, fuch as fhall remove the Centre of Gravity 
from M to the Point V in the Line L D, which paffes thro* 
the Point D, then it will rclt upon the Inclined Plane, as we 
have fn^n in the Cafe of the Rolling-Cylimier i for this In- 
Ihiiment is founded on the fame Principle. 

44. If now the Weight P be fuppofed not fix*d, but fuf^ 
l^ended at the End of an Arm, or VeSis \ which Arm or Le- 
ver is at the fame Time faftcn'd to a Central Wheel i, moving 
an the Ay.is M of the Machine; which Wheel by its Teeth 

fhall 
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ihall commttnicate with the Tfam of Wheels, &r. on the 
other Side i I fay, in this Cafe if the Power of the Weight P 
be jufl equal to the Fridion or Refiftance of the Train, it will 
remain motionlefs all one as before when it was fix*d| and 
confeqoently the Clock alfo will be at reft on the Inclined 
Plane. 

45. But fappofing the Weight P has a Power foperior to 
the Refiftance of the Train, it will then put it into Motion, 
and of courfe the Clock likewife, which will then commence 
a Motion down the Plane, while the Weight P, its FeSiU 
PM, and the Wheel i, all retain conflantly the fame Pofittoa 
they at firft have when the Clock begins to move. 

46. Hence 'tis eafy to underftand that the Weight P may 
have fuch an intriniic Gravity as fliall caufe it to adl upoif 
the Train with any required Force, fo as to produce a Mo- 
tion in the Machine of any required Velocity, as fuppofe fuch 
as ihall carry it once round in twenty four Hours; then if the 
Diameter of the Plates A B C be four Inches, it will de« 
fcribc the Length of its Circumference, v/x. 12,56 Inches in 
one natural Day; and therefore if the Plane be of a faffident 
Length, fuch a Clock may go feveral Day^, and would be a 
perpetual Motion^ if the Plane were of an mfinite Length. 

47. Let S D be drawn through M perpendicular to tko 
Inclined Plane in the Point D. AUb ^et L D be perpendi- 
cular to the horizontal Line H H, pafling through D. Then 
isthc Angle HDE = LDS = DMT. Whence it fbUows^ 
that the greater the Angle of the Plane*s Elevation is, the 
greater will be the Arch D T, and confequently t\ic farther 
win the common Centre of CJravity be removed from M 1 
therefore the Power of P will be augmented, and of courie 
the Motion of the whole Machine accelerated. 

48. Thus it appears, that by dufy adjudin^ the intrinfie 
Weight of P at firft to produce a Motion fhewmg the mean 
Time as near as poffible ; the Time may afterwards be cor- 
TQ^td, or the Clock made to go fafitr or Jlorwtr by raifing 
or dcpreffing the Plane, by means <rf" the Screw at S. The 
Angle to which the Plane is firft raifed is about ten De* 
grees. 

49. We have given the Theory of a Gock moving down p|^jg x. 
an Inclined Plane: Let us now coniider how a Clock may be pj^ g^ ' 
made to afcend on the fame Inclined Plane. To this £nd let *' 
A0D be the Machine on the Inclined Plane EDE, and 

let it be kept thereon at Reft, or in Equilihrio^ by the Weight 
P, at the End of the Lever PM. The circular Area CF 
}& one End of a Spring- Barrel in the Middle of the Move^ 
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In the ORRERY and COMETARIUM; 

the whole Machinery is a Compages of Wheels 
of various Sizes, fuitably contrived and adapted 
to produce circular and elliptical Motions of Bo- 
dies reprefenting the Planets and Comets^ in fuch 
Periods of Time as are exaclly proportional and 
correfpondent to the refpeftive Motions of the 
Heavenly Bodies which they reprcfent ; alfo their 
feveral Phafes, Pofitions of the Orbits, and other 
AfFedions, fo as to be a perfefl: Microcofm^ or 
Solar Syftem in Miniature (XLIH, XLIV.) 

ment^ in which is included a Spring, as in a common Watch. 
50. To this £nd«of the Barrel thp Arm or Lever PM is 
fix'd upon the Centre M ; and thus when the Clock is wound 
ap, the Spring moves the Barrel, and therefore the Lever 
and Weight P, into the Situation P M. In doing this, the 

* . Centre of Gravity is conftantly removed farther from the 
Centre M of the Machine, and therefore it muft determine 
the Clock to move upwards ; which it will continue to do, 
{o long as the Spring is unbending itfelf; and thus the Weight 
and its Lever P M will preferve the Situation they firft have, 
and do the Office of a Chain and Fufee. This is the Contri- 
vance of M. <& G^«^i. See P/jz/, Traff/IN°. 1^0. 

(XLIIL) It wpuld be too great an Undertaking here to give . 
an Account of the Mechanifm of the larger Sort of Orreries, 
which reprefent the Movements of all the Heavenly Bodies ; 
*' nor indeed can it be done either by Diagram or Pefcription, 
to render it intelligible to the mofl difcerhing Reader ; but 
inllead of that, I ihall exliibit an Idea of the Theory and 
Strufture of an ufeful, concife, and portable Planetarium, which 
any Gentleman may have made for a fmall Expence, and will 
exhibit very juftly the Motions of all the Primary Planets a- 
bout the Sun by Wheel- Work; and thofe that have Secon- 
daries or Moons, may have them placed about their Prima- 
' ries, moveable by the Hand, fo 4^t the whole ihall be a 
juft Reprefentation of the Solar Syfiem, or true State of the 
Heavens,, for any given Time of the Year. ^ 
. 2. Iii. order to this we muilfirfl compare, and £nd out the 

' Propottion, which the Periodical Times or Revolutions of 

the Primary Planets bear to that of the Earth ; and they are 

\ '. ' . fucK 
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fucH ^ are exprefsM in the Tabkt belowi where the Mt 
Column is the Time of the Earth's Period in Days, and De* 
cimal Parts; the fecond that of the Planets; the third and 
fourth are Nomben m the fame Proportion to each other. 

As 365,25 : 88 5 1:83 : 20, for Meratfy. 

365,25 : 224,7 ? -52 : 32, ioT Venus, 
365,25 : 686,9 S 1:40 : 75, fox Mars. 
365,25:4332,5 1;:: y : Si, for Jupiter. . 
365,25 : 10759,3 ^ :: 5 : 148, for Saturn. 

3. If now we fuppofe a Spindle or Arbor with fix Wheels ^jj 
fix'd upon it in an horizontal Poduon, having the Nun^r of ?1ate^ 
Teeth in each, correfponding to the Numbers in the third Fig. f 
Column, 'Viz, the Wheel AM of 83 Teeth, BL of 52, 

CK of 50 (for the Earth,) DI of 40, EH of 7, and FG 
of 5 ; and another Sett of Wheels moving freely about an 
Arbor, having the Number of Teeth in the fourdi Column, 
vix, AN of 20, BO of 32, CP^of 50 (for the Earth,) DQ^ 
of 75, E R of 83, and FS of 148 ; then if thofe two Ar- 
bors of fix* d atid moveable Wheels are made of the Size, and 
£x'd at the DiHance from each oth^r, as here reprefented in 
the Scheme, the Teeth of the former will take tJiofe of the 
latter, and tura them veiy freely when the Machine is ia 
Motion. 

4. Thefe Arbors, with their Wheels, are to be placed in 
a Box of an adequate Size, in a perpendicular Pofition; the 
Arbor of fix'd Wheels to move in Pivots at the Top and 
Bottom of the Box; and the Arbqr of moveable Wheels to 
go through the Top of the Box to a proper Height, on the 
Top of which is to be placed a round Ball, gilt with Gold, 
to reprefent the Sun. On each of the- moveable Wheels is to 
be fix'd a Socket or Tube afcending above the Top of the 
Box, and having on the Top a Wire fix'd, and bent at a 
proper Difknce into a Right Angle upwards^ bearing on the 
Top a fmall round Ball reprefenting its proper Planets. 

5. If then on the lower Part of the Arbor of fix'd Wheels 
be j^aced a Pinion of Screw-Teeth, a Winch turning a Spin-* 
die, with to endlefs Screw, playing in the Teeth of the Ar- 
bor, will turn it with all its Wheels ; and thefe Wheels will 
move the others about with their Planets in their proper and 
refpeftive Periods of Time ve|y exadly . For while the fix'd 
Wheel C K moves its equal C P once round, the Wheel AM 
will move A N a little more than four Times round, and fo 
will nicely exhibit the Motion of Mercury i and the Wheel 

FG will turn the Wheel FS about round, andfo will 

Z9,S 

truly 
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Plate XII. 
fig. ^. 



truly reprefafit the Motioti of SafMrft. And the (ame is to 
be faid of all the reft. 

6. If on the Top of Ae Box be plaoed a Circle with the 
Signs of the EcHptic, nclading all the Planets, k will heeaff 
by this Machine to reprefeot the Motions and various Pliag- 
nomena of the Heavenly Bodies, by thofe who have Skill in 
fuch Things. Having thus (hew'd the Reafon, Strudure, and 
Parts of ^s portable P/an^tarisimt Ae reft mu& be left to 
the Fancy and Pleafure X)f the Geutleman^ and die Ingenuity 
of the Workman. 

7. Since t]i^e above was wrote, I have had the Pleafiire to 
find that Mr. J. Nealb (Watch-Makir in LMdeu-Hall'Streit, 
tondm) has invented Ihd made an Orrery upon the ikme 
Plan with mine above defcribed; the Di^ofition of the PutI, 
and even the very Number of the Wheels (all bot two) be*^ 
ing the fame, except that in mine the Wheel of 143 Teeth 
for Satw^he thought too krge, and therefore by breaking 
the Quotient of 5) 148 ( z:z2g,6 into two, he fubftituted two 
Wheels (as th^re is^oom enough fo to do) in its Stead, and 
has thus brought the Work into fo final! a Compt6, thatlbr 
fuch Gentlemen as require it, he can make an Orreiy in the 
Compais of a Watch, that (hall (hew the Motions of aU th(B 
Prhnary Planets m the Sdlar Syftem very nicely ,which, as fuch, 
may be properly calPd Pocket ORaBRt£s« Seethelaf. 
Article of the following Annotation. ^ 

(XLIV.) 1. 1 (hall here give an Account of the Mechanifm 
of that Inflrument, which 1 call a Comet arium ; for thougli 
Dr. Defaguliin has (the ^rft of any 1 know of) deicribed it 
under the Charadler of Part of a Planetarium, and by 
it reprefented the l^otion of the Planet Mercury; yet I con- 
ceive it is much more adapted to reprefent the Motion of a 
Comet than a Planet, b'ccaufe none. of the Planets defcrib% 
Offeits fenflbly Ellipiicaly whereas thofe of the Comets are very 
much fo. I have therefore altered the Dolor's Contrivance, 
and adapted it to the Motion or Theory of the Confict of the 
Year 1682, whofe Period is 754 Years; and have moreover 
alterM the Mechanifm of the Parts, by which the Inftrumejat 
is rendered much more elegant and uieful. 

2. The Structure smd Rationale of this Inftrument is as 
follows. When the Lid is taken off of the Box, the internal 
Parts appear as in the Figure. NO and QT are two £lliptii: 
Wheels turning each other about their Foci I and S, by means 
of a Cat- Gut String in a Groove on their Edges, crofRng at 
K. Thefe oval -Wheels arc fix'd on Arbor« or A^ces which 
pafs through the lame Focus S aiid I in each; the Oval N O 
is moved "by the, circular Wheel I, fixM a^lb upon the fame 
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Aslk, but above it on die Bar or low FEtoe G V; wUch 
Wheel is itfelf moved by andthier equal Wheel G^ and chat 
by an endlefs Screw, tam*d by a Winch, on the Oac-iide of 
the B<^. All which is evident in the Figure. 

3. The Perimeter oCthe Ovul QT, where k touches that 
of N O, will have a Velocity ahf^s proportional to the 
Diftance from I, that Is, in thei^ointsK, 4, 3, 2, i, (itc. the 
Velocities will be as the Lines IK, I4, 1 3, I2, 1 1, CsTr. 
whieh may be oonfiderM as Levers ading upon and moviw 
the Oval QT in thofe Points. Now if die Ovals are fiic£ 

Ihat SX is toSV, or IK toll, as 6 toi, thenwiO the 
-Point K havie ^ limes the Velocity tmn*d by the Lever I K, 

as the Poiiit V will have when it has made | a Revolatiott, 
*or is ecmie under the Pcnnt S, -where it it mnCd by the Le» 

¥er Is, ^ihan in the Situadon I S. 

4. If we take SP=SK = IS, andupoothePomt^,/, 
^ Foci, you ddcribe the £%fis PLIM, that will |^prefedt 
the Orbit of the Comet, or the Figure of the Gfteve Ott 
the Lid of the Box, In which a round Brafs Ball, reprefent- 
ing the Comet, is made to Aide along on a Piece of Wive, 

'calPd the Rai£us Feffor^'^'d at one ^id into the Top of the 
\Afbor at S, where we foppofe the Sun to be, and is aic* 
"cordingly rcprefentcd by a filvef'd Plate at Top. 
i 5. The Place of the Comet at P is calPd the PeriheBm, as 
% 'being there ^areft tbe ^lor; as I is its Jphelim or Point of 
great fft DiJIemce. Since S P=r SK, the Velocity of the Co- 
met will be in theP oint P equal to that of the Point K^ ' 
and were the Comet's Aphelion at /, its ydocity there would 
1)e equal to that of the Point V when under x, wsc. fix times 
, lefi than before; but fince the Comet*^ Aphelion is at I, and 
fince the greater Arch deicribed in the fame Time niuft have 
<a greater Velocity, the Velocity of the Comet at I wH be 
about J of that at P. 

6. The filverM EUipfis on the Lid of the Box is divided 
z I into 100 Parts, ihewing the An&maly of the Comet; and a- 
1 1 'bout the Axis of die Wh/eel G b placed a Silver Circle, di- 
t vided'into 75^ equal Parts, Tq>rerenting the Years or Period 

of the Comet, ^vi^ a proper Index, pomting to thofe tyt- 
s viiioDs, by Ivhich Means 'tis eafy to (hew the fevcral Par« 

\ ticukrs relating to the Theory of Elliptic Motions, i{^ethec 

i 'of-a Planet oiK>>mit . 

IS 7- The ingenious ArtiH (before mentioned) Mr. J. Nvali, 

It . «has in his larger Planetarium placed the Otbit of the CMner 
k -^tftt defcribed; by which Means the Motions of all Sorts of 
j bodies inthe Solar Sy ftem are now reprefented m one Machine 
It v^hich thing haraever been done by any one. It is finilh'd hi 
s, aMan* 
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In WATER-MILLS, the Momentum of the 
fellingWatcr is the Power 5 the.Force to be overcome 
is the great Attrition of thq two Stones in grind- 
ing the Corn, €s?r. which is ofFcfted wholly by a 
Complication of Wheels and Axles, A Query 
may here be put. Why, fince the Power con- 
ftantly ads upon the Wheel, the Motion of the 
Wheel fhould be equable, and not accelerated ? 
The Anfwer is. The Increments of Velocity keep 

• #ifing, till thdr Momentum iseqijall'd by the Re- 
fiftance of the Machine ; after which Equilibrium 
the Wheel goes on with an uniform Motion 
(XLV.) 

a Manner equally grand and elegant ; and is of fo iimple a 
Stru^ure as to render the Purchafe as eafy as can be defired t 
V It is therefore but reafonable he fhould meet with £ncouiage,y' 
^jnent equal to his Merit and Ingenuity. 

(XLV.) The Mechanifm of a Water-Mill depends upon the 
following Principles. 

* 1 . The Adlion or Power of the Water which drives the 
Great Wheel. Here it will be neceflary to determine its Force 
iifuing out of the Aperture of the Sluice or Pen-Stock, and al- 
fo the Velocity of its Motion When the Height is known ; and 
the Height neceflary to produce a given Velocity. 

2. As to the Force of Water ifluing through the Sluice^ 
' that is, its momentary Impulfe, we (hall (hew from Hydroilatic 

Principles^ that it is always proportional to the >\ltitude of the 
Water above the Centre of the Hole thro' which it paflies. And 
iince we know by Experiment that a cubic Foot of Water 
weighs very nicely i coo Ounces -<^a;^r^/ow, or 62,5 lb ; if we 
find the Area of the Aperture in Feet and Parts, and multiply 
that by the Number of Feet the Water has above the Centre» 
and laitiy, you multiply that Produdl by 62,5 (b, this lafl Pro- < 
' duft will be the Force of the Water exprefs'd in Pounds ji<uer' 
dupois, 

3. For Example ; fuppofe the Width of the Sluice 1 2 Inches^ 
or I Foot, and that it is drawn up to the Height of three 
Inches, or 0,25 of a Foot, the Area of the Aperture will 
then be i x 0,25 ;=: 0^25 ; if the Height of the Water be 

7>S 
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7,5 ^et above the Orifice, then 7^,5 h o.ij; will be 1^875, 
which milltipHed by 62,5 givto 11 6,1^75, or abont 116,2 
a^. fol' Che ihflantaneoua I^eilure of the Water on any Obfbu 
de. 

J. To find the Velocity, andconfequently the Quantity of 
Water expended at the Orifice in a gitcn Time, we mnft . 
confider that a Body falls 16,2 Feet in the firft Second, and 
acquires a Velocity which in an horizoiitid Direaion is at the 
Rate of 32,4 Feet^ Secbnd; now let S be any other Space 
and the h orizontal Velocity V ; then we ihall have i6,2 : 
S ;;, 32,4* : V* ; therefore 32,4* S =: 16,2 V and to 

Hi±= xS=VS thitisi^Z;;;8S = V. NowfinceSs 
10,2 . 

7, 5 =- Heig ht of the W ater above the Centre of the Orifice^ 

therefore ^'64^8 x 7^5 = 22 Fcttfuir Second, the Velocity 

of the iiTaing Water as required. 

6. This Velocity might alfb hare been found by finding the 

Time of the Fall thro' 7,5 Feet ; thus 16,2 '!6o"' :: 7,5 . /* 
= 1666^6, the Square Root of which is 40^^^8; now fince 
the Velocity of fpouting Water is unifonn, there will paft 
twice 7,5 or x 5 Feet in 4o'^',8 ; and therefore if 4d''',8 : 1 5 F. 
i: 60^" : 22 F. and a little more, the fame as before* 

7. If the Velocity be given, and it be required to find the 
Height of the Fall neceilary to produce it ; we have from the 

V* 

fcrcgohig Theol-em (i^6^fi S = V,) S = t— r ; fo that if 

.04,0 

the given Velocity be 22 Feet fa- Second, then V= 22* 

and S =: -— - =7,5 nfearly, the Height of the Water above 

64,8 
the Centre of the Aperture. Fo^ the Velocity of Water is 
the famii in thfe Fall thro' any Space or Height, and in the 
Orifice of a Sluice at the fame Depth below the Surface. 

8. The Qutotity 6f Water ififuing out is thus determmed 
for any given Time j fmce a Column of Water z= 22 Feet is 
I^oduced ift i Setond, we ihall have 60 x 22 = 1 320 Feet 
itt 1 Minute, or i i;84o6 Inches ; and the Arci of the Aper- 
ture 'being 12 X i = 36 Inches^ we have in that Colmnn 
158400 X 36 = 5702400 Cubic Inches I which divid^ by 
1282, gives 202i Gallons, or 32 Hogflicads6 Gallons, which 
fpouts on the Wheel in a Minute. 

9. if we now fuppofe tMs Column of Water flowing intd 
the Buckets of an Overfhot-Wheel, which is 16 Feet in Dia-. 
ih€lt^, and has 30 Budgets on its Fcriphcry, (as is the Cafe of 
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that at the Bar- Peoi^ by the Abbey in Nun-Eaton in TFarwict^ 
fiiret which is reckoned the beft in England) then the Wa^cr 
will ad on the Wheel by two Forces, nnx, of Impulfe and 
Weight. The Impulfe or Str(dce, were it made m a Tangent* 
Diredion« and perpendicular tp th^ Sides of the Backets, 
'W^iild he eqod to iiSli. (by Art, 4.} But flnce it runs fom9 
Didance in a Trough before it comes to tht^ Wheel^ and the 
B^«k^ts are placed not at Right Aiigles, but nwly at the 
Ap^t pf 45 O^gseffs wiih the Cironinfeience of the Wheel, 
9nd f^ th^ Wmr m^ itijk^ them very obliquely; I (ay, 
•n thefe Accounts we mqll abat^ more than pne half of the 
Force of Water, and may take about ^olb. for a hfediom. 

10. Thp Wpfght of tht Wa^ ia more or lefi in twelve 
or thirteen of thefe Buckets on the Fore-part of the Wheel, 
liQt mojft of all on that Bucket at the £1^ of the horizontal 
J>iaaieter, becaufe theie np Part of the Water refti upon the 
Perimeter of the Wheel or $ides cS the Bucket, but gravi- 
tates with its iwhole Wei|ht in a Tangent to that F^ of the 
Whe^l. What tluit Weight in that Bucket is, may be thus 
found, it was fhewn that when the Engine is in the greateil 
Perfedion, the Velocity of the Wheel oi^ht to be equal to 
\ of that of the Water. (See Annotat. XL. 6.) Now iince 
the Diameter is 1 6 Feet, the Circumference will be 50,3 ; 
and the^ Velocity of Water bcmg 1 320 Feet per Second, -J- of 
that is 440, which divided by the Circumference gives S^ 
Revoktions of the Wheel in a Minute. The Aperture of 
the Sluice gives 202 a Gallons ter Minute, which divided b/ 
S,7 gives 232,4 Gallons, which again divided by 30 (the 
Number of Buckets^ is 7,7 Gallons for a Bucket. 

11. Now a Gallon of Water weighs 10,2/^. (for 1728 t 
62,5 :: 282 1 10,2^;^ therefore 7,7 x 10,2 = jSl/if. for the 
Weig^ of Water in each bucket. But as part of this Water 
runs out of the Buckets in the lower Quartes of the Wheels 
and what remain^ gravitates i^ various Degrees of Obliquityr 
to the Radii of th^ Wheel, ai does all the Water m the full 
Buckets above the Hofizontal one, we muft allow for the tO^ 
tal Wei^ ^ut 4$o)i. (as will^be found near the Trtith by 
Calqilatidn) to whkh if we add the ^oli. for Impulfe, the 
whole Force of the Wat«r on th^ Wheel will be 500 /^ 

12. If the Ceg-Wkeel be 3,5 Feet Radius« or 7 Feet 
Diametf^r (as in the M4II abov^-ni^ntionM) then, as 7: 16:: 
500 /(. : 1143/^. = the Foi^ pf the Cogs to tuco the Wal* 
lower or Triui^» which JForoe i^ applied to oyorcome the 
Refinance arifing from the Weigiit f^ the ^tone, the Fri6Uo«r 
of the Gear in general, an4 (h^,jrf^i(.FriAion qX the Stone^i - 
fod^Corn in grinding. i 

fh Sup- 
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13. Suppofe the jDiam^er of tfce Tnmdie t,$ Fooe» 0^ 

iS lAckes, and that of the upper Stone 6 Feet; tlien as 6 : 

15 .1 1 14$ : 285,7 /(. = tlie Forcft » tbe Peripboy oi the 

gcone. If there be 48 Cogi la the Cog-Wked, and nint 

48 
Rounds In the Trundle, then —=5,33=: the Toms ot 

R^ft^ohi^m of the Trakfe Ibr one of the Water-Wheeti 
#h«tefoe finoe the Wheel nufas 8,7 in a Minirie, the Tna- 
die, and o# eonrfe Ae Stdne^ frill tnihe (8,7x$,33=)4^ 
Ttifm hi at hiumte. The Cifcoaiference of the Stone la 
f9,84 Feet; whenee i8,84x46,$2&876 Feet fer Mbme^ 
for the y^todtf tt the-fitone'a ^ripher^. 

14. Soppoih ^le Sfeone contain 22,5 Cubk Feet, or its 
Weight igizih. then the meau FeheUy of the Stone being 
that Point of the Radhts | of its Length, confeqnentl/ 1 of the 
Veledty87^atdiePer^i^,<ztts. 584,willbethenieaaVt^ 
locic^ of the Stone; which nui!tiiJi«l by 1912, nn%. »9i2x 
584 = 1 f f66o8A^. would be the BxpfdSon of the Mmt*- 
fiM of the Stone /«r li^iite, were it to ptefr upon theCom 
^h its whole Wdght, #hieh H doe» not; far neaity the 
whole Weight being fiipported by the Pivot of its perpendh- 
tt^r Spindle, a veiy fmall Part thereof is confem*d hi the 
Tritttfe of the Com, fat that is principally effedled by tlw- 
tiolent Rotation Of the Stone ptodudng a Centrifugal Force. 

I $. This ciicukr Motion of the Stone bringi the Com out 
ibf the Hopper by Jerksj and cauies it to retede from the 
Centre to the Circumference in a fpedai Manner; the Conig^ 
while whole, dinliag the Stone to rife a litde higher above 
the foc'd Stone than it would otherwife do, begins to he 
^hiih'd by the Weight of the Stone gendy pitffing t^Km it^ 
and the mofe fo, as it approaches the Qrcumference, where 
being quite reduced to Flour, it is thrown out of the MSI 
by the Centrifuge Force of ^e Stone through a Hole fot 
thafr Purpofe. 

16. When I fay, tie S/ode frejkjffftfyf ond hut nmtb a 
wy fmcdl Part of in Wei^ on the &m^ it is xmpliecf, riiai. 
ihe Picob of Wood which fupports the SWn^ on the Pivot of 
Its -Spindle mutt be ibmewhat ebftic or fpringy, in order 
t^ admit of an eafy and fmall Degree of Motitm upwards and 
downW3tds,a8 the Stone is more or left refitted by the Grains 
of Cwtt) \if ^hich meiDis the Snrttices of the two Stones will 
hfivvftlways a vaiymg Diflance, and ib be ad^ted for Tri- 
ioradon and Oomminmlon of the Com in siny Degree; where* 
a*i if Ae fo^^rtkig Piece wo* perfeOly rigid or fix*dp 
the Stones- mutt ahri^s be at an equal Diftadce, and the 
Flottr tciy toirfei bectttfe it cai't be rffeCkd by die up- 
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per Stone after ihe whole Gfain has received its fiift Imprer. 
fipn, or faffer'd its Mt Comnimution. And the niker thh 
* Poittt of Support is adjnfted, io much the more nice and exaft 

jwili be the Work done fay t^e Mill, or fo much the better 
will the Flour be that is produced thereby. 

iy. As the Water a^b upon an Ooerfiot-Mll both by Im- 
pulfe and Weight, fo does it likewife on a Breaft-Mill^ or that 
where the Water comes upon the Breaft or middle Part of 
the Wheel; and herfc, though the Weight of the Water on 
the Wheel is not (b great as before, faleing contaiaM in the 
Buckets of |he Jo^er Quarter only, yet iSt Impulie of the 
Water is much greater, the He^ht of the Water being in- 
cre^d' nearly the Semidiameter of the Grc^- Wheel, Si d* 
ther Things being /equal. r 

1 8. If the Height of the Winter remain the &me, the A- 
pertore of the Pen-i^ock muft be enlarged to nearly twice the 
Area, that the Force of Water may be the iame ; and 
in this Cafe there will be twice the Expence of Water as be- 
rlbre; fo that as much more Water is neceffiuy for a Brea$- 

^ Mill than for an Overihot one, ^y&j Thing elfe being the 
fame. ' 

19. Since the Spout of Water is in the Curve of a Panu 
bola, the Orifice through which it ifliiesfhould notbe-juft 
againfl the Middle of die Wheel, for then, if it were \try 
rear the Wheel, great Part of the Foroe would be fpent in 
f liking the Wheel diredly agaififl its Axis, and fo would 
make the Motion round more difficult s and if it were not 
very near the Wheel, the Spout would reach only fomc of 
the lower Buckets, and none go to thofe on the Middle, where 
the EiFeft would be rather greater. Therefore the Orifice 
of the Pen -flock ought to be fituated feme little Height 
above the Middle or Horizontal Diameter of the Wheel. 

20. In order that the Water may have the greatefl EfFeft 
on the Wheel, Dr. Barker has conHrufted it with 24 
Ladle- Boards (inftead of Buckets) of 18 Inches Square; 
tl efe'Ladle-Boards pafs through a quadrantal Channel of the 
feme Dimenfions, nearly, or a little more than 18 Inches 

PL XIII. fquare, that the Motion may be free. -The Water enter- 
f jg. I . ing on the Top of this Channel is kept wholly on the Boards, 
till it comes to the Bottom, where it goes off without inter* 
nipting the Motkni of the Wheel. The Contrivance is very 
uf(^fuU and may be eafily appijehended by the Scheme, where 
AD BE reprefents the Wheel with its Ladle- J^ds, C 
the Axis, F the Jet or Spouting. Water, GHI the iquare 
Channel. or Trough in which the Ladle-Boards with the 
-Water dcfcend tol, whprc th^ Wa^^r is difchai^gcd from the 
vW>«I. ai. In 
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'SI. In Fig, 2. yoa liave a Sedbon of the ScJe or P€^ 
meter of the ^heel, and the Channel with the Ladle-Boanh PI. Xllt. 
in iti thus abed is the S(^ of the Wheel, fghi is the Fig. 2. 
SeAion of the Channel open on the Part next the Wheel by 
a narrow Slit, in which ekvi the Part call'd the Tongue^ 
which projects from the Sole to fill up that Slit, that the Wa^ 
ter may not run through iti /mn§ is one of the Ladle- 
Boards put on upon the Supporter p f, which goes through 
the Tongue and Sole of the Wheel, with a Hole behind at 
^, through which a Key or Wedge, like a Piece of Wood, 
being driven, Mens it with the Board to the Wheel. Thus 
you fee by this Means how great the Force of the Watdr 
mull be on the Wheel, and how much left will fuffice here 
than in the common Way. 

22. As to an TJnderJhQt'Whul^ *tis evident there can be 
only the Force of the Impulfe from the Water on fuch k 
Wheel \ and therefore the Height of Water remaining the 
iai|K, there msft be a larger Aperture of the Penftock, that 
fo a greater Quantity of Water may come upon the Floats* 
^>ards in the fame Time, to have an equal Momtntum^ or 
to produce the fame Effed as in the Chterfeot or Breaft-WheeL 
Whence a greater Expence of Water will be made here, than 
.in any other Sort of Mill, and can only be fupplied for a 
ConHancy by a River; and wh^re there is not a Want of 
Water, this is the eafiefl, cheapdl, and moft fimple Stmdluie 
a Mill is capable of. 

23. In this Cafe, the Float-Boards are to be placed per- 
pendicular to the Sole or Periphery of the Wheel, becaufe 
when they come into a vertical Pofition at the Bottom or 
loweft Part of the Wheel, they will then receive the hori- 
zontal Impetus of the Water diredtly, and therefore with the 
greateft Force. If the Water- Courfe be fufficient to cover 
jthe Float-Boards, that is enough; all that is more, runs wafle, 

either by the Sides or under the Floats, or both. ^ 

24. Let X YZ be an Underfhot-Wheel, and HC the Fig. 3. 
Water coming upon it in the Dire&ion H C. Now if theic 

were fo few Float-Boards, that when one, as D £, became 
yeriical, the next on each Side IK, L M, ihould but juft 
touch the Surface of the current Water, then would the Water 
ftrike the faid Float-Board D £ with all its Force. But when 
the two Floats K and £ come into the Situation C and G, 
then will the Water ftrike but a Part of the Float C, w«. BC, 
^nd that too obliquely, which is to be eftimated by AC, the 
Sine of the Angle of Incidence ; and fince we fuppofe t|ie Sedion 
pf the Water equal to the Area ot a Float-ik>ard, 'tis plain 
the FJoat C will intercept the Water from the Float G, fo 
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ihat fKmiK caa Srike k; and therefore the Force of Water will 
be every where lels than opon the Float-Board in the Site 
DE. So that the Force upon the Wheel will always b^ 
fladluating^ between AC and DE^ which will be the two £x- 

25. If the Float-Boards are k many, that while one is 
Vertical as D£/ others on each Side, as C and G, are alf6 
jpartly in the Water- Way f then in this Cafe it is beft to hav^ 
(he Stream of Water lai^er than the Floats, th^ fome may 
runbefide, and fill yp the Space between, thatfo the Floats 
C, £y G, may all be impellM at once i for the Back-Water^ 
here, haying a greater Velocity thatrthat of the Wheel, wiH 
^ keep \the Float G forward ; and though it be an oblique 
Force, it will always avail fomething (b long as it touches th^ 
Float; and cannot be efteem'd a N^egative Quantity, as fomc 
iiaye afierted. 

26. Since many may be curious to know how the Force of 
Impdfe and Gravity of the Water in the Buckets of an Over- 
fiot Wheel is to be computed or e(Hmated to a mathematical 

. '£]aidneis, I fhall here give the Method, and ilMrate it by ai 
Scheme. Let A, B, C, ^c. be the Buckets of an Overfhot- 
Wheel, (having twenty-four in all) mclincd to the Periphery 
in an Angle of forty-five Degrees : Thofe with Dots or Points 
reprefent the Buckets with the different Quantities of Water 
they contain, among which the largeil Dots in the Middle re- 
prefent the Centres of Gravity of the feveral Bodies of Wa- 
ter. Now fuppofe the Wateir comes upon the upp^rmoft 
Bucket A in the horizontal ]!)ire^lion X A, though by its Cur- 
vature at enterii^ the Bucket it cannot flrike the Side of the 

\ Bucket directly,' yet, fince the Side of the Bucket obftruf^ 
9nd fufhuns the (aid whole horizqntal percufHve Force, and 
that under an Inclination of forty-five Degrees, we may cqn- 
.dude that half that percufiive Force is fpent in turning about 
th^ Wheel * ^ 

27. As to the Force arifing from every defcending Bucket 
of Water, it may be cafily determined by finding the Bulk of 
the Water in each Bucket, and multiplying that into the per- 

' jpendicular Diftance of the Line of Direftion of the Centre 
of Gravity from the Centre of Motion. Hence, with refpeA 
to the firll Bucket A, fince its Centre of Gravity a6ts in the 
piredion V N, that is, perpendicularly on the Centre of Mo- 
tion, that Prod«a, or the Weight of that Bucket of Water, 
will avail nothing to move the Wheel round, as being wholly 
fiipported on the Axis of Motk)n. 

^8, Bqt the Water in the fecond Bucket B gravitating in 
the Dife^on R O, at the |>er|)endicular Di$ance NO ti*om 
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dMi' Centiv, if we multipty its Mafs or Weig^ into the Dt- 
Ibciice NO, we (hall have its Mmentmm or Force to move the 
Wheel; and (o of any other. Here we majr olyferve, that 
as the Water in the Backets deereafes, the DHlances increafe 
from the Centre, in the upper defcending Quadrant; and finoe 
the Diflances increafe much fafter than the Quantities decreafe^ 
the Forces will incre^e till we oMne to die horizontal Bucket 
F» which is half full of Water; from thence it decreafes to 
jthe Backet I, where all the Water runs out, as being panllel 
with the Horizon, or Diameter K M. And hence we fee km 
Buckets on the lower defcendine Qmuhraat carry no Water^ 
when they are inclined to an An^ oiT 45 Kgrees* 

29. I ihall here febjoin a Specimen of the Cooiputatioo. 
fiippoiing the Wheel and Backets fuch as in the Sdieme, ana 
*the Quantities of Water, and Diftances of their Centres' of 
Gravity the fame as in the Tsd>le below. 



Water in 


jyiftancesfrom Momentm ^ 
the Center a. each Bnciei. 


the Bucket. 


A = 1,00 


K • 2S 0,00 


B =0,9 


X N = 0,3 r^ 0,27 


C = o,8 


X N P = 0,6 = 0,48 


D=o,7 


X N Q^= 0,85 = 0,595 


E = o,6 


X N L = 0,95 = 0,57 


P = o,5 


X N M =: 1,00 = 0,5 


G=:o,4 


X NM = 1,00 =z 0,4 


H = o,z 


X N L =0,95= 0,19 



The Total of all the Buckets = 3,005 
That is, the Momentum of Water in all the Bndcets is eqaA 
to the Momentum of three Times the Water contained in the 
Bucket A, and hanging at the End of the horizontal Diame« 
terKM. 

30. I ihall conclude this Theory of fFater-MUlf, with ^, ^ 
Defcription of Dr. Barker's new-invented Mill, of the moft 
fimple Stru&ire of any yet made, performing its Effe€t with- 
out any Wheel, Trundle, Cog, or Round ; the Nature of 
the Machine, and Iblanner of its Operation 1^ be eafy to un- 
derftand from the following Account of its feveral Parts. 

31. A BCD is an upright Frame ftanding on a proper Bafe; PI. XIIL 
£F is the wider Part of GH an upright hollow^ Pipe Fig. ^ 
or Tube, fix*d at the Bottom to an horizontal Square Trunk 

I K ; which Trunk, together with the Tube, is fix*d to an 
upright Spindle or Axis R S, by means of a Nut and Screw at 
8. vThe lower Emi of the Axis on a fine Pomt moves in the 
Pivot-Hole in the Part of the Frame at T ; on the upper 
Part of the Frame is a Hole thro' which the Spindle paiTes, aa 

L 4 , lllftf . 
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alfo ^ro* the round circular Piece P fix*d on the iaid Frai^ i 
on the upper Part of the Spindle isfix'd another round circa- 
|ar Piece Q, which reprefents the nj^r moveable Stone of the 
IWill. Qjs a Spout of Water filling the Tul>e or Trunk, and 
giving Motion thereto, and cofifequentlj to the Axis and up- 
per Stone, by the horizont|d Jets of Water from each End of 
the Trunk I K, thro' Holes' made at each End on cpntnuy 
.5i4e8. ^ - 

32. While the Holes continue ilopp*d, the Trunk will be 
at tefl, becaufe then the Preffure is equal over all the Parts; 
but when the Holes are open, the Preflure of the Water (by 
its having JLiberty to iiTue out) will be lefs on that Part where 
the Hok is than on the other Part oppoiite to it ; which ftron-^ 
ger PrelTure will prevail, and carry round the Trunk and Tube 
.^ith the Axle and Stone, in a contrary Direction ; and each 
Hole contributes to produce this Motion, which will be gres^ 
ter or leflTer in proportion to the Momenta 6f ,the Jets of Wa- 
ter, 9r greater or leflcr Aperture of the Holes. . 

33. For 'tis eafy to underfland| th^t the Power of this 
Machine is deriyed froiQ* or depends upon three Thing&: 
(i.) The Velocity of the Spouting- Water ; (35.) The Quan- 
tity theropf; and (3) The Dillance at which the Water 
fpouts from the Axis of Motion. The two firft make the 
Momentum arifing from the Preffure of the Fluid, which is 
propohional to the Altitude, or Height of the Tube ; the 
jafb is of a Mechanical Nature^ for the Trunk is in this refpeft 
cxaftly of the Nature of die Leaver. 

^ 34. In the Ledlure of Hydroftatics it will be ihewn, that 

t)ie Velocity of the Spouting Fluid will be as the Square Roqt 
of the Altitude of the Fluid; whence this Part of the Force 
.will be /» the Suhduplicate Ratio of the Height of the Tube. 
The Quantity of the Spouting Fluid will be alfo in the fame 
Rab'o, while the Apertures are the fame ; but if thefe vary 
theif Magnitude, it will be direftly as the Aperture, the Alti- 
tudes being given. Therefore . th^ whole Momentum arifmg 
from thefe hydroftatical Principles will be as the Altitude ofthfi 
^ube, and Sum of the Aperfur$s conjointly ; and if this be multi- 
plied by the Dillance Of the Aperture from the Centre or Axis, 
we Ihall have the Expreflion of the whqle ^orce of the Ma- 
chine# 

35I T^t is, if H = the Height of the Fluid, A =:'Sum 
pf both the Apertures, and D ;= Diftance of each from th« 
Axis ; then we (hall have th.o Momentum M exprefled by M = 
H X A X D. Hence we fee ^t the Trunk 1 K is analogouf 
to the great Wheel of a common Water-Mill, whofe For<^ 
ip \\\ the fameMannef cpmputed fropi the Hejght of the Fluid 
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'H/ihe Aperture of the Slake A, and the Difiaace or Radioi 
of the Wheel D. 
4 36. For both in the common Mill and this, if tkeApertUfe 
A and Diifamce D fimn the Centre be the fame, the Foice of 
^e' Jet will vaiy with the Height of the Fluid H. AUb if 
the Height of the Fluid H ud Length of the Tnmk or 
Dmmeter of the Wheel D remain the fiune, thfi Force will be 
as the Aperture A, or as the Quantity of the Fluid flowing 
out in a given Time; Laftly, if the Height of the Fluid Hy . 
and the Aperture A continue the fame, the Force will be aa 
the Diameter D of the Wheel, or Leiagth of the Trunk of 
this new Mill. 

37. I fliall now give a Calculation of the Power of this 
Madiine ; and in the firft Place, let us fuppofe the Height of 
the Tube to be 9 Feet, and always full of Water ; the Vdo- 
city of the Spouting Water will be the fame that a fiody will 
acqme in falling 9 Feet, wx. an unilbrm Velocity of 18 
Feet in the Time of the Faili which Time is thus found, as 

16 : 9 :: 1^ : -^== the Square of the Time, whofeSquaie 

Root is |, that is, | of a Second. Therefore fiiy, as | t 18 :: 
I : 24 ; the uniform Velocity is at the ¥att of 24 Feet fer 
Second, in the Spouting Water, from 9 Feet Altitude. 

3 9. Let the Aperture at each End of the Trunk be 6 Inches 
Square, then in both there will be 72 fquare Inches, or half a 
fquarc Foot in Area. The Water iflfuing out in a Second at 
both Orifices will be equal to a Column 24 Feet long, and i 
a Square Foot in Bafc; therefore the v^hole Water will be 
equal to 1 2 Cubic Feet. The Weight of oneCubic Foot is 62 J 
tt ; wherefore 62 | x 1-2 = 7$o/6. is the Force a6Ung on 
the Trunk, fuppofing the Depth of Water only one Foot; 
but fince it is at the Depth of 9 Feet, \ye have 9 x 750 = 
6750/^. ading upon ^he extreme Farts of ikt Trunk fer Sc« 
cond. 

39. Let us now fuppofe the Length of the Trunk to be 
6 Feet ; then the Motion is made by ^ Power of 6750 /*. ad^ 
ing at the End of a Lever three Feet long ; confequently 
6750 X 3 = 20250/^, the Momentum of the Wheel p^r Se« 
cond. 

40. Now the Velocity of the Trunk at the Orifices will be 
the fame as that of the Water nearly, while the Mill is not 
charged ,* but that of the Water is 24 Feet per Second, and 
the Circumference \vhich each Orifice defcribes is 1 8,84, or 9 
Feet nearly; therefore the Trunk turns round a little more 
than once per Second. But when the Mill is charged with tl^e 
$tone. Corn, (sfc! the Velocity will not then bo fo jre^t ; and 

wc 
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we htvf (hewn (Jnmi. XL. 6.) that k ooght not to be above 
\ F^ of that of the Water, nnz. at the Rate of 8 Feet fir 
Second; trot let us fuppofe it a little snore, «rk. 9 f Feet ; 
then will the Tnmk move round OQce in two Seconds. 

41 . If we fnfypofe the Stone 6 Feet in Diameter, its Veto- 
city in the Perif^ry w^ be the (ame with that of the Trunk ; 
«i«. 9 \ Feet /tar S^Mmd ; but ^ of this is the mean Velocity 
<rfthe Stone, which is therefcre but 6 -^ Feet fer Second. 
Soppofe ^e We^t of the Stone 191 2 Ih^ .and that 4 of this 
be aUow'd for Fri£tion, iwb. 637/^; then 6,5 x 637 = 
4015 /(. :sz the hftoment of the Stone by its Kefiflance anfing 
from \ of its Weight ; but this is only when the Stone b itft 
]rat intoMotbn ; after it ism Motion, this Mmmsi/im is great- 
ly leffenM 1^ the Centriftigal Forces; and therefore if we 
aSow 4000^. for the Mfmmtwm ariiin^ from the Weight of 
theStone, Attrition of the Com, &r. it wiUbe bat^Partof 
fhe MmaUwm of the Tnmk or Mill, which we ihew^d was 

42. Here we have fuppofed the Mill to carry the krgefl 
Stone thatis ufed in any Mill, and that the Power of the Mill 
\fi fivo times greater than the Refinance to be overcome ; the 
Quantity of Water therefore in the Jets may bfe diminifli'd a. 
Fifth Partf and con&quently the Apertures ; which therefore, 
,aimead of being 72 Square Inches, need be only 15 or i6. 
Jf therefore at each End of the Trunk there be an Aperture 
of four Inches long and two wide, the Jets from the Altitude 
of nine Feet, at three Feet from the Axis, will have a M4» 
puntum fuffictent for turning the largeft Stones. 

43. I fliall only obferve further, that there are many me- 
chanical Pnrpofes to which this Inveatbn might be made fub- 
iervieat, as it has ia great a Power of Motion in fo eafy and 
iimple a Struaure: And aUb, that the Water- Wheel of a 
common MiU> if placed in a horizontal Situation, and the 
Sluice fo order*d as to throw a Side- Jet in a Tangent-Diredion 
cn the Ladk-Boards, iuch a Wheel would be in the fame Cir- 
eumfiances nearly as the Tmnk of this New Mill, and there- 
ibre might be nude to^an%er all the fiune Intentions, and 
capable of iKarlj aUthe fame Advantages. 

±^, Tt^eed not obferve to the Reader, that whatever Quao- 
titjif of Water is expended at the Jets, as that muft be fapplied 
at the Top or Ciilemof the Tube, fo the Stream which fup^ 
plies it muft be as much longer than the Jets, as its Velocity 
is leis ; becaufe what is defident in pne Refped muil be made 
up in the other. There are foveral other Circumihnces an4 
Kuticulars, which may de&rve to be confiderM^ when it fiiall 
be found to m^-^ ^ny valiiable ^ndj beyond that of mere 
Speculation. {^ 
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Iif WIND-MILLS the Mechanifin is the 
fame, only the Vanes or Sails arc to be confi- 
dcr*d 9s a WUtl on the Axle^ aftuatcd by the 
Power of the Wind, In this Machine we have 
only to confider the Ppfition of the Sails, and the 
Power of the Wind. As to the former, if the 
Sails ftand right before the Wind, it cannot af- 
fed them at all \ if they ft^nd direct to the Wind|^ 
jhe Mill will be blown down, at leaft the Sails 
can have no Power to move round ; they muft 
therefore be. placed ohUqiie tx> the Wind, and that 
under an Angle of 54 Degrees and 44 Minutes^ 
for the greateft Advantage (XLVL) • 

• 

(XLViy The internal Pam of a Wind Mill are tbe 
faige with thofe of » Water-MiU near^, of which I ihsdl 
bdce no farther Notice, bat (hall con^ myfelf to the Ther ^ 
f>iy of the Sails 14 regard of their Pofition» Motion^ and Fi« 
gurc. 

1 . In regard of the Poiition of the Sails, 'we muft confider 
that if they are placed Direa to tbe Wind, or at Right Anglef 

xfo the km of the Mill, they will receive the whok Force oF 
|he Wind, which in this Cafe will tend to blow them forward* 
aod confequently to blow down the Mill ; which Pafition of 
ipoorfe cannot |>e admitW* 

2. If the &uls are fet Right /<r tbe Wind, or parallel witb 
tHe Axis of the Mill, 'tis jdain that in that Pofition the Wind 
cannot a£b upon them at all, and therefore they cannot be 
tttra*d round, nor the Mill put m^o Motion 1 which Pdkioft 
pf the Sails mufl likewife be rejeded. 

3. Since neither the Dir^ npr Right Pofition of the Saib 
will do, an OhHpie Tofition muft, as there can be no other. 
Now to Ihew that an C^que Pofition of the Sails will tuni 

the M^ll, let Afi be the Axis, CD a Sail, and its Angle of Pl. XIIL 
Obliquity (<z;/%. that which it makes with the Axis) be £CG s'Fig* 6. 
'tiien if GC be the Force of the Wind in the Diredl Pofition 
of the &i], G £ will be the Force of the Wind in its Oblique 
Pofition (as being the Sine of the Angle of Incidence GC£). 
But the Force GE is refolvable into (wO others, E F and GF; 
^i which the latter/ beiQg parallel to ^i Ajas^ avails no* 

thinj 
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thing in toniing the Sail about it ; but the other, E F, beinS 
|>erpeiidicalar thereto, is wholly fpent in coBipeUing the Sai^ 
to turn round ; which was the Thing to be (hewn. 

4. The Force of the Wind On the Sail will be as the Square 
of the Sine of Incidence, or as.GE- ; for the Force of 
jcadi fingle Particle of Air will be as the Sine G£, [by jin^ 
not, XXIV. 6.) and it will be alfo as the Number of Particles 

ti, XIIL ^^^ ftrike it at the fame Time, which Number of Particles 
fie 7 ' P ^^ ^ ^^ ^^^ ^^ Incidence GE. For let CD reprefjent 
*' '* the Seaion of the Sail in a Dircd Pofition, and CG the fame 
in an Oblique Pofition, 'tis plain the Number of Particles 
flriking it in the former Cafe will be tp the Number ftrildng 
It in the latter as CD to CF, which is equal to GE the Sine 
of Incidence; for all the Particles between AD and BF will 
not come upon the Sail in the Oblique Pofition CG. Since 
Chen the Force of the Wind on the Sail is on two Accounts 
as^<7E, it will be as the Square of the faid Line GE. 

5. If we fuppofe the Velocity of the Wind to vary, the 
Force thereof will be as the Square of the Velocity ; for the 
Kreatir the Velocity, the greater will be the Stroke of each 
ungle Particle, and alfo the greater will be the Number of 
Particles coming upon the Sail in the fame Time; the Force 
will be therefore as the Squares of the Velodty. 

6. Again, if the Area of the Sail be variable, the Force 
of the Wind will be dire6Uy as the Area or Superficies of the 
Sail, becauijb the Number* of Particles of the Air coming 

.upon it will always be proportional thereto, and confeqnently 
the Force with which they ftrike it. Hence, if A, S, and V 
reprefent the Jrea, Sine of Incidence, and Vehdty of the 
Wind on one Sail, and ^7, j, v, thofc on another; tho Force 
compeUing the former tp turn round ^ill be to that conjpel- 
ling the latter, as A x S* x V* to ^r x i* x *w*. 

. 7. When the Area of the Sail and its Pofition in refpeft 
of the Wind continue the fame, the Force which turns the 
Sail will be as the Squares of the Velocity ; and fmc6 the Wind 
fcaice ever blows with one uniform Velocity, but varies with 
almoft eveiy Blaft, the Force upon the Sail will be much more 
Tariable and unequal ; and therefore the A6Uon or Working 
of a Wind-Mill cannot be fo equal, uniform, and fteady as 
that of a Water-Mill, whofe Power is always of thjB fame 
-Tenor, while the Jet of Water is fo. 

8. If the Area of the Sail and the Velocity of the Wind 

be fuppofed conftant, the Force of the Wind in the Direft 

Tofition will be to that in the Oblique one as GC* to GE*, 

*as wc haye befof e ihewn ; ahd it has been alfp fhewn that 

/' ' *'" thai . 
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tiaxfm of the Force whicji tuns the Safl is r e p refe n ted by 
£F, when G £ is the whole Force: But GE : £F (:: GC : 

... C* T V O E* 

CE) :: G E* 3 — ^^ ■ = to the Foicc whidi Cons 

the SaO, when die whole Force is nprefented by GE^ as it 
here the proper Expreffion of it. 

9. This Expreffion ~ — begins frwnNothing^wlca 

the Angle of Incidence begins to be oblique, and increaies 
with the Obliquity of the iSd Angle to a certain Number of 
Degrees ; becaufe that Part of the Force which is parallel to 
the Axis becomes leffcr m proportion ta that which is perpen- 
dicular to it; but after it has pafs'd this Limit, it again de- 
creafes, and becomes Nothing, when the Angle of Incidence 
vanilhes ; as is cafy to underftand by confidering that the 
Quantity of Wind on the Sail docs in this Cafe continually, 
decreafe. 

10. There is therefore one certain Pofition of the Sail, in' 
which the Fofrce of the Wind is grcatpft of all upon it, or a 
Maximum ; and to find it, put Rifdius GCzta, EC^z^, 
and we have GE* = a a — xx, andconfequently the Force . 

CE X GE^ IfiZZJlff , which muft be a Maximumt 

GQ a 

Therefore its Fluxion aax — $xxx =; o j whence aa =s 

3 ;r ;r, and fo X = \/ff> which in Logstfithmt m 

3 

20,000000 0,4.77121 ^ f t • 1. r 

..J ; izil 9,761439, which IS the Loga- 

2 
fithm Sine of the Angle 35^ i& :zz Angle C6E ; andthere^^ 
fore the Anele EGG is ^qual t6 54^ 44^^ when the Force 
of the Wind is a Maximum, as required. 

1 1 . The Angle now found, is only that which gives tfaa 
Wind the greateH Force to put the Sail in Motion, bot QoC 
the Angle which gives the Force of the Wind a Maximum 
upon the Sail when in Motion. What this Angle is Mr. Mac 
Laurin has ihewn in his Book of Fluxions, to which I refer 
the Reader. 

1 2. Mr. Parent hat alfo ihewn that an Elliptic Form of 
the Sails is better than the Parallelogram or long Square; and 
that the beft Pofition 6f the Sail is not that which is common, 
wix, with its longeil Side or Diameter parallel to the Axis of th6 
Sail} l^iit, on the contrary, it ought to be perpendicular to it ; 
lliat isj they ought to bf of iiich a Form^ and placed in fiich 

a Manner, 
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t Manner, as reprcStnttd in die Figure; and sifter ike Sksf 
Plate X. ^^* ^f ^» ^> ^» ^^ (^ placed on the Axis or Arm A« 
f jg. n. ^ they are then to be tum*d abbut, and £x*d under the proper 
Anf^e of ObUqnkjr above-mentioned. 

13. There are three Things yet wanting to the Perfefliont 
€f a Whd-fkSi. The FIrfi is, feme Contrivance in tJfte Na- 
ture of a /^ to regulate the Motkn of the Train, under tSMi 
irregular and unequal Impulfe of the Wind. The Secomi ia, 
Ibme ocker CbntrliTEmce to ftippiy the Hopper or Stones with 
naore or leis Com^ in Proportion to the greater or left 
Btienph of the Wind. And, Thirtffj^ a Method of alter- 
ing Ac Angle of the Sail*s Obliquity from its Maximum of 
^^44' ^t the Begmning of the Motion to its Maximum when 
in Motion. 

i^ By means of an ^^j0R0^0^*(hereafter to be defcribed) 

ft wul Dt eafy to prove by Ejqperiment what Form of tht 

Sails, that is, whether Re6bngular or ElHptical, whether the 

Vertical or Horizontal Pofition of the longeft Diameter, and 

what Angle of Obliquity is beft; alfo whether the Sur- 

£ice of the Sails iheald be plain or concave, with many 

' bther Things of this Kind. But this muft be done by as 

inany particular Anemofcopes, or in other Words, you muft 

* tsLrt an Anemofeope fbr tvery particular Experiment^ 

itnd all di^>ored tc^ether in one common Frame; th^ 

Aeafon is evident, becaufe they- all require the fame Strength 

. ^ Wind, which cannot otherwife be had. 

15. That thefe Things may be better underftood, Ifhaft 
fretiki^ the following IMKnition of finne Gtometri^ Lin^ 
and Figures, which are abfolntely neceilary to a compleac 
Knowledge of the aiodem Mechaniqd Philofophy. 

16. I take it for granted, that the Reader knows, that if 
Plate IX. on any Point C, t&en in die Right Line AB, a Chrdb 
Fig. 6. ADEP be ckfcribed^ the Point C is caard the Centre^ and 

A E the Diameter of the Cirde: To which, lihall adc^ that 
AC^ or CE, is caU^d the Iia£us 6{ the Circle, which is 
aho fiune thmg xs the SemJiamOep. 

17. If the Circle be divided into four equal Parts, AD=s 
DE = EF=:FA„ by the two Diameters A£^ DF; thea 
cacb^ of the Areas A C 1>, J) C5.^C F, F C A, are caU'i 
^adrants^ or Quarters of the circular Space ; and the Parta 
of the Ciide AD^ DE, £F, FA^ «e called S^jfudr^ntal 
Arches^ or (garters of the Cirde. 

\ 8 . Every Circle,^at or fmai^ is-fiippofed to be divided in« 
to 360 equal Parts^ call'd D^Nis; confe^jicntlj each Qajff*- 
ter, AD; B £, i^c. will contain 90 of thoie Degrees^ as U 
evidently rcpreftmed by the hxgc Sftlf-Circk of %. 7. 

- 19- It 
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19. If two Lilies BC'a&d PC meet ma Point C, the 
Space FOB included between them is call*d an Angiei and 
the Mealure of that Angle is the Number of Degrees con* 
tain*d in an Arch £1 ^ a Cirde defcribed on the angdar 
Point C, and include4 between the (aid two Lines B C amd 
P C. Thus the Angle in the Figure omtains 40 D^gireas. 

20. If a Line^as GC, be drawn through the 90thl>mpee 
on the Point C^ it will make tbf Angle on one Side OCB 
equal to the Angle G C A on die other Side, becraie eack 
is equal to oe Degrees. Such an Angle is call*d a Xi^ 
Jngki and the Line GC is then faid to be ferfeadiaJar td 
die Line A B. 

21. The Angle PC B, which is \A than a RightAngte 
Or 90 Degrees, is call'd dnJcute Angle % and the Angle 
H C By which is greater than a Right Angle or 90 Degrees^ 
is caird an Obtuft Angle. Again; the Arch ID is call d dw 
CmipUfiunt of tltt Arch E I to a Quadrant ED, or 90 De* 

rees; and the Arch A K is call'd the SMfpUmtm of the Arch 
K to a Semicircle EDA, or 180 Degrees. 

22. If from the Pomt I be let ^ the Pcxpendicniar IL 
to the Line or Radius EC, then is that Line IL call*d the 
^ine of the Angle IC E or PC B. Li the fame manner the 
Line I M is the Sine of the Complement-Arch I D, or An- 
gle I CD. But inilcad of Situ-C^i^Ume$u^ we iay, in (hort^ 
Ca-Sine: Thus we fay that I L is the Swe^ and IM the G0- 
Sme^ of the Angle ICE. The Angle FCB is callM thd . 
Jncliiuuiou of the Line PC to the Uae BC; and the An^ 
gle PC D is the hcUnatian of the Line PC to the Peqpea^ 
dicular DC: That is, PC is inclined to BC in an Ajigle 
of 46 Degrees, and to DC in an fya^ of 50 Degree»* 
Hence^IL and IM are called the Sines of luclinatimi ic« 
^edtively. . 

23. Hence, when we iay, ne Forc^ of m i6rtS Stroke is H 
iiai of an oblique onoas RodSus is to the Sine of JmcHmatioMf we 
only mean, tlut thofe Quantities are to each ocher as the Ra« 
dius IC to the Sine iL, or IM, accoidii^ as the InfUiwiion 
is 40 or 50 Degrees. AIfo« when *tis laxl that tie anhifu^ 
gfd Force decreafes from the Eptator towards the PaUs, hsfro^ 
fortion of Rsubts tf the Co-Sines of the tatitude ; no moieia 
meant than thi^ 4Jiat if di9 ItadMis CE reprefent the fiud 
Force m the Eqpater E> and £1 be any given Latitude, then 
will IM, the Co-Sine of the Ladtude, repieient die Force 
in that Latitude: Or« the Force decreafes with the Lengdi 
of the Line IM, asthePotnt I moves Oftfrom E to D, 

24. In fev«xal Books we have Tables of Nnmbers whick 
ixprels-che Lengjtl^of dip Sisc of cveiy DcgF^eandAfinute 

of 
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of the Qoadiant, in itich equal Parts as die Radios C£ or Cf 
contains ipoooo. And iince it is of the greatefl Ufe tc^ 
know the Pr^^rtion of Radios to the Sine of every Degree, 
I have Jiere (^join'd a Table thereof, and a Specimen of iu 



L^. 
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Deg. Parts. D. Parts. 



3 
4 

I 

7 
8 

9 

IQ 
II 
12 
13 



^745 
348 

5233 
6975 

8715 
10452 

121^6 

13917 

15643 

>73M 
19080 
207,91 
22495 



17 
18 



I424192 
»5 



258S1 

1627563 

29237 

30901 



Z034Z02 
35836 
37460 

39073 

2440673 

42261 

43837 

45399' 
46947 
^9 48480 
50D00 
1503 
^99" 
>+4^3 
S59'9 
573>7 



21 



23 



D. Parts. D. Parts. D. 

37'6oi8i 
38161566 
39'62932 



64278 
65605 
66913 
68199 
,69465 
45 j 707 10: 

46171933 

47l73'3S 
48|743H 
4975470 



5877854 



76604 

77714 
78801 
79^63 
80901 



18 



^9510^ 



73 

74 



SSlSi,9"S 
82903 
83867 
84804 
85716 
866d2 
87461 
88294 
89100 

64 89879 
9063083 
9135484 
9205085 
927 

9335 
93969 

94 5^^' 



86 

^8 
S9 

901 



Parts. 

95630 

96126 

96592 

97029 

97437 
97814 

98162 
98480 
98768 
99026 
99254 

9945^ 
99619 

99756 
99862 
99939 
99984 
I 00000 



25. The Ufe of this Table will be obvious from two or 
three Examples. It was obferved, that the Power is to the 
Weight it fuilains on any Inclined Plane IQ as the Height 
of the Plane I L to the Length thereof IC ; that is, as the 
Sine of the Planers Indication to the Radios. Suppofe the 
Angle of Inclination IC^ = 40 Degrees, then will the Sine 
1 L be eqoal to 642 7 8, and the Radios CI equal to iooooo» 
which Numbers are as 64 to 100 j therefore 100 Pounds Will 
be foilainM on the Inclined Plane by a Power equal to 64 
Pounds nearly. 

26. Again; iince EC := 1 00000 reprefi^ts the centrifu^ 
pal Force under the Equator, then will IM = 76604 (the 
Sine of 50 Degrees, and Co-<Sine of 40) be as the faid Forced 
in the Latitude of 40 Degrees: Which Numbers are as 1000 
to 766 ; and fuch is the Proportion of the Forces in thofef 
two Places. 

,. 27. In the fame Manner, if^he Radius Cb=: looooo' 
cxprcfi the Force of any ^Una Stroke^ then will the Sine IL 
ss 64278 be expreflive of the Force of an dliquf Stroh in 
tk« Direction FC, ev^ry thing dfe being equal. • ^ 

14. A- 
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is. Again i fince the Force of a direft Sttoke is expids*d 
oy C D = looooOy if it were required to £nd the Angle of 
Obifquity, fuch that the Force of the Stroke fhall be bat 
tine foorth I^rt (b great, or 25000, look in the Table £ot 
the Number neareft to this, and you will perceive It lie be- 
tween 14 and 15 Degrees, and therefore about 14 Degrees 
and a half is the Angle required. 

29. In the hil Pkce: It was faid^ That the Ivra of the 
Wind en tin Sail is fr6fortionai to the Squaris ^fthe Sina oftH 
Angle of Inddmci. This may be iUoftrated by Nambcts, thoa: 
If the Sail be tum*d to the fiune Wind, firft under ah Ang^ 
of 45 Degrees, and then under an Angle of 30 Degrees | 
the Sine of the firft Angle is (by the ^ahie) 70710^ and o£ 
the latter 50000, the Squares of which are 4999904100 
and 2500000000^ which Squares are as 50 to 25, or as 2 
to I s and therefore the Power of the Wind is twice as great 
upon an Angle of 45 Degrees, as upon an Angle of 30. • 

30. £ecaufe the Square of the Sine of 45 Degrees is 
5006000000, twice that Square will bS loooooboooo, which 
is equal to iheSqnareof Radnis loooooi 'tbevidentthe Sam 
of the Squares of the Smes of any two Angles above 45 Degreca 
wiU be greater than the Sqnare of Radios; vA therefore the 
Force of the Wind npcm two oblique^Sails, in thtt Cafe, will 
be greater than upon one Sail fet diredl before the Wind. 

3 1 . After the fame manner, the Table of Sines may be ap- 
^ed to Calculation in«ny Other Caft of the likeNafure, whcr^ 
the Proportioii of Radius and Sine of an Angle is required tO 
be exprefs'd or dated m Numbers. And fince each Degree 
is divided into 60 equal Parts or Mnktes, therefore the Sine 
of any Nvnber of Degrees and Minntes alfo may be eafily 
fomid by the foregoing Table, by thole who underfiand the 
Rale of Proportion* 

. 32. I ihall only further obferve here^ that as I L is the 
Sine^ and LM the Co-Sinei of the Arch IE; fo if on the 
extreme Point £ of the Radius C£ we raife a Perpendicular 
which ihall cut the Line C I, continued, in F, then is the faid 
Perpendicular EF call*d the Tahoeht of the Angle ICEj 
tmd the Line FC the Secant of the fame Angle. In like* 
manner^ the Perpendicular D G is the Tangent of the Angle 
DC li and G C the Secant thereof; and therefore D G is tne 
Co-Tangent^ and G C the Co-Secant of the Angle ICE. I 
thought it neceflary to acquaint the Reader with thefe Defi- 
nitions, becaufe they femetimes occur in Treatifes of this 
Kind. 

M It 
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It is to be obferved, that in order to turn a 
Ship about in the leaft Time, or with the greateft 
Celerity poffible, the Rudder ought to make an 
Ahgle with the Stem of 54 Degrees, 44 Mi- 
nutes: And alfo, that this is the Angle which 
the Gates of a Lock upon a River ought to 
make with the Sides of the River, in order to re- 
fill the Water with the greateft poffible Force 
(XLVU.) 

n. vTfT /VTVTT\ 1 If ABt be the Rudder of a Shipj AH 

Kne of the Angle of Incidence wiU be F E. and fojhe 
B»-~. «f the Water a»inft the Rudder will be as F E ! 
Kf i.^o^!e irihe two Force, FD«d DE of 
wUA the Utter i. parallel, the other perpend.cdar tt Ae 
m«aion of the sup's Courfe, and therdbre FD is the 
StypS (J the ForceVt coinpeb the Ship to tm«^Rmd. 

BrtEFistoFD (:: CEtCF) ;: EF* rSIlH-.that 

b (putting CE = «. CF = *) as 
be found (ly the Method de Ma^mu Uf Mimms) equal to 
X/'tl; and therefore the Angle of Incidence E C F =; 54°- 
..'^as' before, when the Force of the Water againft Ihe 
&er to turn the Ship is a Maxim,m. 

\ After a like Manner we determine the Anele of roli- 
> \rk, fiites AE. BE, of a Lock upon a River, (vix. 
T An 1 B AE- A BE) in which the iaid Gates fhatlre- 
M the Kffle of *eWatir with the greateft Force poffible. 
Sr if uwn A B we defcribe the Semicircle A D B, andcon- 
Sue A E to D ; then the Preffwe of the Water agauA the 
r r« A E will tocreafe with the Length of the Gate, and 
Sf Referee of the Gate wiU deaeafe as the F.efltoe m- 
taf« ^d th2«*>'^ it WiU be 6n thb Account inverfely a. 



C£ 



aax — *' 



andfo;rmn 



I 
the Lengtl» of the Gate, or as -^ 



3. Again, the Rcfiftancc will be diminift'd as the LengtH 
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6fAe Gate increafcs, iiufindch as tlie Strengtii of the Cate PL XIII. 
Will be diminHh'd in that Proportion, therdbre it will be oH Fig. i6. 

tliis Account alfo as -j-^y con&quently the Refifiance of the 

Gate on both theie Accoants will be as =7. 

. . AE 
4. Join gP and EC perpendicular tb AB; theniv6 have 

A E* : AC*;; A B* : A b* i and here, becaafe AD* de- 

dtafcs as A E* increafes. We fhall hare ti&e Reiifiaace ex- 

prcik'dbyAD*. 

5. But this Refiftance is augmented by the Oblique Preflure 
of the other Gate, which let be reprefented l^ BE; this Ob- 
lique Force BE is refolvable into two Forces BD and DE; 
which ktter, as it is paxallel to the Gate A E, avails nothing, 
but the other B D being at Right Angles theirto, is whody 
fpent in refifting it ; therefore the whole Refiflalice the Wa- 

iet m^ts with from the Gate AE, is as AD x BD. 

6. This Expreifion, therefore, is to be determined to a 
Max imum I in order to which, letAB=/r, BD:=;r, and 

then AD* =::^«tf ^— xx^ and fo AD* xBD = tfii*— 

>f ', whbfe Fluxion aax — ^xxx:zzo, gives ar ^ V — » 

3 
which fhews the Angle B AE =: 35% 16'^ as in the Exam- 
ples above. 

7. Since we are upon the Subjeft of Maximums ^ I ihall Ffg.d, 
liere add Examples of two or three other Cafes of the iame 
Kmd, which 'tis hoped will be acceptable to the Curious, 

and yet not befides the Purpofe of Mechanical Gentlemen. 
Let B B be a Piece of Wood pkced horizontally, and fup- 
ported by the Pieces A B, A B, which make a given Angle 
ABC with the formi^r; it is required to find the Pofition) 
of two other Pieces AC, AC, given in Length, fnch that 
they ihall fqpport the Piece BB with the grcateft Force pof- 
iible. 

8. The Pieces AC^ are fix'd in A and C fo as not to flip, 
thev are fuppofed to have no confiderable Weight. Then 
inake S H = ^ A C, and from the Points A and H draw the 
Lines AG, H K, at Right Angles tb BB. If AC cx- 
prefles the abfolute Strength of the Piece A C, then AG will 
exprefs the Strength with which it fupports the Piece B B, as 
being perpendicular thereto. Now AG multiplied by the 
Lever (or Diflance) B C from the Centre of Motion B, (which 
cxprcfles the Momentum or Force of the Piece AC) ought te 
be a M/iximum. 

M 2 ♦9. To 
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9*1^0 this Endy put AC = a, AG:=zx ; airoHK.rs:«j 

aiKlKlB = >»; then GC=?V II «-r4rAr» and becanfe of 
th<e fimilar Triangles HKB, AGB, we have HK : KB u, 

AG : GB = *;r, and (b BC = i^aa—xx-^^x^zni 



AG xBCizzxi^ aa — xx-^-^xXi whofe Fluxicm made 

' f ,. . i .y' """ XXX ZM 

tqual to nothing IS X v«« — ;r;r*— --7=2=^=1— — xx 

V^d — XX » 



10. Thererort •di«^^«;r-- 










AndnittltSply-7«*a*— 4«*tfV — 4*»V;t*+ 4«V* + 

. ingbyn* S t^m^x^z^o. , . i 

But it is 4«*4. 4«* = tf tf, bccaufc BH*=HX* + k1% 
Therefore «*tf* — 4Jir*tf*;r* — 4«* tf* ;r* 4- tfV* = (7. 
And dividing ? » ^» . - «*^x • ^4 ^' 

Whence agam »*«*— «*;t* + **=f, {becaufe — 4«*— • 

Hence by 7. 11.^ «« 
Tranfpofition I ^*-^*^*=-^>*. 

Andcompleat- 7., a»ii^4_^t & a« 

; ingtheSquareh*^^^ +i^^*=^ ^«*-^***. 

But it is itf^i**-^«*«* = tftfjw* + <!*«» — <i*«*3=^*«*. 
trhereforc a:* — a* «* + | if c* s= ii* »*. 
And extra£ling the 7 a i ^^ 
Square Root "^ ^ '—^aa^tsfzam. 

Wherefore x^±ziaadtfitim\ and fo it a= l/^l^lj^Tlwr 

1 1 . Hence 'tii evident if *» (= B K) — ^7, m which Cafe 
the Angle ABC is a right one, then;r = V^iTT, and there- 
fore the Angle A C B will then be half a right one, or 45 De- 
grees. 

12. Since th e two Values of x, viz. i^i aa— am, atid 
i^iaa+am being fquarcd, and the Sam of thofe Square* 
are equal to the Square of the Radius, v;k. aa^am+iaa 
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4.«.=/»«. therefore tbe two Angles, of whkk * is the 

gleAaCobtrtfe, and=; i2oDrg«e. o'^^^q^I^ 
ir 6o- Degrees ; ^then B K^«=.i «. and fo A G - * 
— «/ J. w^ ^am =; V'iag --^ i *i» :=:: i *^ Awforethe 

^gticTu=roD4-.>^*««?Li^«l: . 

6id 6ii the other Side ABj then x =*',«« + ««»-, 

•Pt. and fo the Angle ACB ""^^I^J^l^ = 
60 Wee., and confeqi«n|ly equa^ to the Angle Aft©, 

• i?«e Angle ABC, inftead of ^i.f^^**'^ 
acJte, wdths cWl««»t to &U. weftouU haw AG » 

B c = * i/^^^:^ +'-* * » M»*'«*». *»^ *«*^ 
a» Fl^ions. give the feme Vrfae for . « befoj*. ^l 
^ ia^z^am , which if fubftituted for * m the aboi>« 

Expreffion, wdl give ■ JJ ^ ; 

plain if * = ^'iaa-ap., ^ grea*^JFoi«win be 
a^»* 4- «*'» — »'""* , bat if *=:*^T««+**» *•*" 

the greateft Force will be ~ - 

the gtcateft Force by the Piete A C when phcea OB Hi» 

6 on which Ae ^^^^Vfood. of an i«le&ute Length, pi. XIII. 
it ,?-^f Jf «r^^e Tdvoi Angle G A li with the Fig. 10. 
and fa'd m A, fo u »" Jl'^g'^rftJ <W the Pofition of 

E£«^rc^ir^?^?9SBrA^B'i: ■ 

then fince the Angle A i. given. *>«^^^b-. «3 

tl7)toZ?-^f^G- ThenifDE(=^«yreflbd.. 

wi;>k Force of the Piece ^^ ^^^''^^^^V' 
wm cxprefs that with which it f»PPO«» AG ; therefore D F 
Sdpffiby the Diflwce from the FolcnunA,or Lever AB, 

«««^;°lL*S"S fi»iI«Tri«.g|« ACB. ADP. 
wchave CB,;B4::DF:FA=^Ai, alfoJE-. 

M 3 V«a — .**> 
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V^aa -r ax. tbere^e A E = i^44 -rr x* + -^j*, which 
»ultiplie4 by D F =? i, i» A Ex P F ==* V^4»« — *■«> -t 
Jiijr*, iwhofc Flojdon made equal tp nodrii^ will ^veV = 
as before. If the Angle A D E he ,acutc. 



^1 -. 

thc^Poiii^^wm fail between F and AJ and we iHali have 



: am. 



AE 



XX 



:^^;,-Li/«ii — ;rx and AE xDF=;- 

.^;ti/tfa jf;e, which fluxed «wU give the fanic Value 

o£x as before found. ^ ^ 

' 16. In-each Cafe, 'Ms plkin ;^'==i V^ 1 « « + am ::£ Slncof 
ep*», jni^ bQ :th^ -^Maxitkm, -^'^^k if f^biUtu^d .in th« 

;rr, (\<rhere the Angle 



Expreflion x 



Plate XL 



V'fiiz — . 






" .', . zann A-aili'm A-' 2limm 

A DE is oblique.) will give >. r-» -r 

Force of -ILE- which fupports the Piece A G. . But if 
i/^^-^ ant be put for a: in the other Expreffion — 
.^^Vaa — XX, wc (hall have for the faid Force 



a^m iIt Za^m'-^ z^ftn 



zn 



'which 



XX* 

(when the Angle is acute) 

is lefs than the other Forces; and rherefors the latter PoQtion 
is lefs advantageous than the fornicr. - .,1 

. 17. I cah*t condttde this Speculation, of the Msx^a and 
Mimms of Quaitities; without obferving to tho fteader, that 
though the Method of diicoyering thde hy Flcixions4t ^ Part 
of Knowledge which the MathemaHdam have but iatelj ac- 
quired , and which they cfteem the Sublimity of humizii' Scienct^,' 
yet this vei:y'Xh«g was imparted to the Infi3 Tribe «t ttie* 
iift Creatiori^fTlungs; for,by this very Method it b that- 
Bees CQn(hru6t the Celh4>f their Combs' in which they depo- 
fit their Honey. 

18. Each .Cell confifls of fix plain Sides, which zisi ftH' 
Ttapexiums, bat. cqud.to each Other. Thd Bottom of the 
Ctli is pomored with three Rhombus's HKDI, DEFI, 
and F I HG^^fb^ di^fed as to conflitute a Solid Angle at I, 
under the three equal Angles DIH, DIF, and HIFj each 
qf which is dOuUe the Maximum Angle of 5 4^-^44/ n: 
I)IK=:DKI. Hence it corner to paTs, that a lc6 Quan- 
tity of Surface ii {ufficient to-cO{^tain a given Qil*"^»^ ^^ 

Honey, 
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I SHALL conclude this Leflure with a fci^ 
Words concerning Wheel-Carriages, the 
whole Doftrine whereof (03 it ftands on a Matbe-- 
nuuical Theory) may be reduced to ?he follow- 
ing Particulars, viz. (i.) Wheel-Carriages meet 
with lefi Refiftancc than any other. (2.) The 
larg;er the Wheels, the eafier is the Draught of 
the Carriage. (3-) A Carriage upon four large 
Wheels, of equal Size, is drawn with lels Force 
than with tvfo of thofe Wheels, and two of 4 
leffer Size. (4.) If the Load be laid.on, the Axle 
of the larger Wheels, it will be diwwi with; left 
Force -than if laid on the Axis of the leffer 
Wheels J contrary to the common Notion of 
loading Carriages before. (5.) The Carriage goes 
with much lefs Force on FriSion-Wbeels^ than iri 
the common way •, all which will be confirmed 
by Ejjperiments (XLVHI.) (XUX ) 

Honey, than if the Bottom had been flat, in the Proportion 
of 4658 to 5550, as I have foand by Calculation; that is, 
vihf ^^ T 1*^' ®^ ^^ whole, (b far as tfie Figure of the 
Ends of the Cells extends in each, which fifUi Part of Wax 
and Labour faved amounts to a \^ deal in the whole Struc- 
ture of the Comb. And if thoie Creatures knew their Ad- 
vantage, they could not more nicely keep up tof t&e Rules of 
thb fwlkne Geometry. 

19. -The laft Thing among the Maxima^ that I fhall men^ p]^^^ ^^ 
tion, is, that if a Chm A B C be fufpended by its two Enos. p'^ ^^ 
it will fmk down in fuch a Manner, by its Gravity, as to ^' * 
form the Curve ABC, caird the Catewiria, whidi if in* 
verted, would exhibit the beft Form foj an Arch of any odier 
Ddiatfeever. For the Demonfbation of this, we mnft refer 
the Reader to the Inventor Dr. Grbgokt,* in PbiU/. TranJU. 

(XLVIII.) The The oar of Whe^l-Carriages is 9s fel- 
lows: Let APGEM be a Wheel,*ND the horizontal 
fbne on which it moves, EF the Height of an Obfbde 

M 4 OY^r 



over which it is to be drawn; the Whcd Mving at the Ob- 
ftacle, and touching the Top E, ftands upon the Point G, 
and preffcs it with its whole Weight. Draw OE K, a Tan- 
gent to the Wheel in the Point E, and meeting the vertical 
Diameter AG product, in O. Draw the Radius EC, 
^d EH perpendicular to AGj and M Q, <w r, perpendi^ 
cular to CE, and confequently parallel to the Tangent OK. 
tallly, draw the Radius Cm. 

z. Since the Wheel gravitates in the Direftion CO, let 
CO cxprefs its Weight preffing the Point G ; this, may bq 
refolved into two others CE and OE; of which CE prefTc^ 
the Top of the Obftacle, and is wholly fuftain'd by it; the 
other Weight OE draws the Wheel down in a Dircaioa pa- 
rallel to th0 Tangent OK. Now let W :?= C O Weight pf 
the Wheel, R= Radius, H =: E F, the Height of the Obr 
todc, andjr = OE} then fmcc OE : CO :: HE r CE; 

we have xX W :: HE : R, whence jp = -— j^^ — % bdt, 

fro m the Nature of th e Circle, HE= : i/A H x H G =; 
V A H X EF = V^ 2 R H — H* ; thertforc x =? 
ly X i^ 2RH — HH 
- K ^* 

3. A For«» juft equal to this Weight ;«■, and actzag iti 
Oppofition to it, that is, drawing the Wheel upwards in tho 
biredtion CM parallel to EK^ will juft be able to make 
the Wheel reft on the Tpp of the Obftacle at E, without 
fuiFeriii|g any Paft of it^ Weight to reft on tlie bofisonta} 
Plane at G. . * 

'. 4. Now this Forpe muft be incrcafed if jt a£b in any other 
Dir^ftion bqt th^t pf CM; for let it draw the Wheel in 
the Direflicn C/», between M and E, then the Force may 
be refolved into two other? Cr, ajid r«r, of which C r.^r^wa 
fhe Wheel direaiy againft the Top pf the Obftacle E, wA 
fo is deftroy'd by >qual Re-adlion of the Point Ei what 
therefore r^njjf^ins to draw it upwards in a Piredliop parallel 
to OK, is <«/;,. ^hich is lefs than C/« or CM; an^ to be 
made equal thereto, (as it piuft b^ to fuppqrt the Wheel o» 
the Top of the Obftacle E) it muft be increafed i» tbtj Ratio 
c£ Cm tOKPfi which let be as R to S [or as Jtat^us to tke 
Sing of the. Angle whicji (he Dire^ioii of the Force »ake» 
Avith CE). Buf 'tis plain, the Forcer ^ cannot be incre^^e^, 
but the whole Force CM muft be increafed in the ikme PtOt 

' - , ■' R' 

jottion; that is. when rm becomes -5- x r», C^ wiU be- 

COfflO 
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cone «^ X C M =s ^ X ■ ■■ ^ ■■■■ — 

S 
• f. Bi bMter llttt the Wheels may be drawn over the Ob- 
ftade FE, it is neceflaiy the Dircaion of the Force fhodd 
lie between X:E and CTA; for if it were in the XMredioii 
CE, it cottH only draw the Wheel npon or agamft but not 
over the Obftaclej and if it afted in the Diredion C A/ it 
would notmake itprefs againft thcObftade, and confequently, 
^Bl<tQeYer4«»wijtovy. .^ 

6. f-ct F =; '^ S - ' ' •' '^ ^ ^°^^ ^' 

cick tp foibin thp Whcd. on the Top E ofiheGbftade, 'tis 
evident if W, R^ H confi^eihe fime, JF =? 4 5 tharis; the 

Force will alwiys be Icfs as the Sine of the Angle E C«'is mz^ 
ter, tmrmissCM, wl|eii,thefaidFofte wmbelei&oriJL 

7. J£ W and H be given, or always the iaiiie ; then F:£; 

^ '■ " (for here we fiifiwfe t)i». Force ^ipplied to draw 

in the.]noftadyanta|;(?ou8 t)ire6tion« *vix: CM» where S ^.» 
comes,e^pial to R.) If therefore t he Radiijof four Wheds be 

.„i^2R— I, V3 i/c i/7 
h «» 3, ^ then will. — r^ ^^bc i, — ^, --i, ^ — L , 

or as the Numbers looo, 8^66, 74;, 66 r. From hence *tii 
evident how much lefs Force is neceffluy to draw a large Wheel 
over any Obilade than a leiTer on^, when the Weij^ of the 
Wheels are the faihe. 

7; If the Height qPdie Obdade H be bMiu^ly. finall 
and given, in which Caie the Tangent O K will coiiuide witl^ 
the Hotkmpt Lint KP, and the Point E with the Point G^ 
yery nearly; and the Diredlion of the Force be parallel to 
fi D^i Uhen becaufeH^ i^inco^erable we rej eftit , and the 

ri • - ^^ ^ ^2 R 
£)^reffion for jhc Force will be F =r — ~ , (for H 

k ^vpp, and therefore |iot catp refs'd ). And if W be aUa 

vTr i/^ 

gxved^' the Force win be F.= -«r~-, or Fsc ^, be^ 

' i^"R I * 

f^e.2si8»i]jpvenQ2indty; ^^^^^ "X~~Z??"* therefere 

■ ■ • F=s 
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P =: — ==r ; that is/ in cafe of rough uneven Surikcea the 

Force to draw the Wheel will be inverfely as the Sqoate Root 
of the Radius or Diameter of the Wheel. Thus If three 
Wheels ar^ in Piiameter as i, 4,9i.tht Force to dfaw them 
will be as 3, 2, i. 

8. If H =: 0,. that is, if the horixonts^i Plane on whic^i. thp 
Wheel n^)vesbeperfe£Uy(kjaoQth*QrpW9> then the Qjjantity 



w . - ^. . ., , 

— V' 2 R H T— H == ; Whence it appears thi^t no Fore? 

is required to move an heavy Body on aA horizontal Pkne 
which is p^effly even. - . . 

9. If the HeighrH of thfe Ob/tade 1)e proportional to the 
lUdius of ^« WhwU./^^ as R, aiyi the 
JF*orce draw in, a Direft ion parallel to O K ; th en bccaufe 

i/'2Rk— H^- V zRR — RR :^^_' .w. 

_ — w =: _ z:^ — =; — ^ I » tnerc- 

I^re F =s ^^\6rnhtForce nmil ke frtpartionui H iht Wpght og 

10. If the Diredion of the Force be parallel ytothc hori- 
zontal Plane;' ihatw,^ if 'C»» be piralkl to' N D^ 4he» becaufe 
the Angle ttCE- is (in t^iat.pafc). equal to the Angle CEH, 
their Sines. will be equal, that is rtn = CH=R— ^H; 
therefbre the Expreffion of -^he f'orce (Art. 6.) wiai)ecomc 

F =:^^^'1^^^'31J!!; and if the Height H be give* 

« W be F -_ ^ , n^, , , ,• ... , . . . . , 

' 11.; f tt)»tk» Botpreffion F s= Trrrr g. ' .' : > w^ 

i^eth»E<^U^|=ft ^r^ w hkh give, A. 
MowrngAnyo|yF:W::^2RH-H»:_S.„TJ«th. 

9-/6* Force ii to tfe Weigit « '*'^(/^/'*',i^"^V. V " J.*^ 
EH) /i /o"/A« Sw of the AgleinCn, m;hcb thLbu^tfDr 
r$aion~make!r.n>MK the line 'E.(^.. ,,.,.,. . 

1 2 If »he Obftade b capable of being deprefs d or bom 
dbW»by.the-WSe»lj the larger.:the Wheel the greater wBJ 
be the Force to do this 5 for fince C E reprefente the whole 
Fojw ^iA wBicb the Whed bears upon the Obftqde, and 
this is reiblva^le into the twVPatt. Cti and RE. <)f which 
rite former CH being parallel to E F tends to prefs it down, 
it wiU be exprefs'd by R— H, and fmce H is given, the de- 
preffing Fore? will be as R— i, and therefore will mcreafo 
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with R, or the Radius of the Wheel. 

13. If the Obftacle be foch, as that it can neither be ftr-r 
ipoaotedhor deprefii'd, but oittft be dwy fen ferwaid, th e Force 
to A) that wiU be cxprefe'd by HE = • 2 R H — H% which, 
fince k IS given, wfll be as V'R— i ; but V'R — i wiU b« 
greater in proportion to R when R b fmall than when it is 
greater.. Thus if R == 2, ' then l/R-r-i = 1 = ^Rj 
but if Rss 5, then j/R—t i — 2^ which is leik than {R j 
and if R := 10, then VR — 1=3, i«^ich is lefs than 
I R ; fo that in this Refpefl fmaU Wheels have the Advantage 
of large ones. But thb Cafe feldom happens. 

14. The principal Advantage of fmall Wheels is, that m PI. XIIL 
them the Line of TradUoh is not parallel to the Horizon as Fig. i£» 
CK, bat inclined thereto in a certain Angle, as CM, ma- 
king with the Horizon the An;g!e MQK; now if CM be 
pandlel to the Tangent O K, the whole Force wiU be em* 

pby'd to draw the Wh6el over the Obftade £ F ; whereas, 
if the Line of Tradion were paraUel to die Hori^ran, the 
Line C K might t^en exprefs the Force, which being re- 
folved into the two Forces C£ and K£, ihews thai the 
JPart C £ draws the Wheel diredBy upon the Qbflaide, and 
is therefore loft by its Re-adioni and only the Part K £ re- 
mains to draw rhe Wheel over the faid Obftade; and cob- 
fequendy the horizontal Direction is not the beft, onleis npon 
a imooth and even Plane, where no Obftades and Afcents 
are to be iunnoanted. 

1 5. From what we have faid, it is evident that a finaO 
Whed, whofe Radios is K£, and the Line of Traaion pa- 
rallel to OK, is equivalent to a large Wheel whofe Radius 
is C K, uid the L\nt of Tradion parallel to the Horizon 
NDi bat£K:CK::HB:CB::Cl!C£; that is, the 
Radius of the (mailer Wheel is to that of the larger, as the 
Co^fme of the Angle £ C (^ to Radius. 

i6.*Thoagh the Force employ 'il be never wholly fpent 
in diamng, but when the Dire£l^n is C N, parallel to the Fig. 13. 
Plane on which the Carriage mdives ; yet if it be applied in 
that 4>Uiqii^ Dire^gn CM, where the Breaft of the Horfe 
is higher than the Axle of the Wheel C, in which Cafe only 
the Part fi M is employed in drawing, the other Part C B u 
not however wholfy loft^ but is ading contrary tp the Gra« 
vity of the Carnage, abd by. that- means kflens fomewhat of 
the Weight of the Load, by lifting it (as it were) along, 
for in this Cafe Che Horfe hot only i^oou/, bat aUb carries 
along fmibme meafure) the Load. 

17. On the contoiy, if the Axle of the Wheel be higher 

from 
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from the Plane than the Breaft of the Horfe^ that k, if tHr 
Power l>e applied ini the oblique DirefHon C O, then the 
Part DO draws the Load along, bat the P&rt CD Jiahig 
perpendicular on G draws the Load dlrefUy aninil the 
Plane, and thcreVy increafcs the Weight of the Load, or 
the Difficulty of drawing jt j and i$ therefore the worft Dl- 
redion in which the Force can be any how applied in draw* 
ing. Hence ~k follows, that (ceteris paribus) where the 
Wheels of a Carnage faav^ their Radius equal to the Height 
of the Horfe*s BreaA, or Traces, the Drai^ght will be eaiiell 
of all; and Wheels, whofe Kadia^*s are Ids than that,: are 
better than thofe Wheels who^ Radiuses exceed it. ^ 
PI, XUI, 1 8, A fipall Wheel ? Pi C will defcend fajrAer ddwn be- 
Jig^,i4, twcen two Obftades DF and C£ thail a: hurgcrjWheeli 
ADC, as is cvideiit fron^ jtbe Fipw^raiid-tbeicfoiw 
Draught is more difficult, ynd fubje(\ to greater Shofiks^. or. 
Jolts, with the fiziall Wheel, inaihiqcli as its Axis, iHndcon- 
ibquently the Weight of the Load,; mult be raiied to a greater 
Height in bider tp get from between them. 

19. Alfo in ipft or yi^ldingVGround, afinall Wheel will 
fmk deeper than a larger Wheel charged with the iime 
Weight. Th)is fiippofe ABC be the Plane of the Road, 
which is fp foft as to , per^nit the ixnall Wheel to fink, down 

Fig. i^. to E, then the Weight nwft overcome the Reiifboice of as 
much Earth as the Wheel in ilnldng has difpUced^ that is, 
as much as i$ equal to the Segment HED^if. now the 
krger Wheel were to fink to the fame Depth, it moil ever- 
come the Rcfiilance of fo miich Earth as is equal to the Seg- 
ment A ^ Q> which is greater than H E D, which is iaqxiT- 
fible, becayte, tbe fame Weight can overcome .bot/aae^ual 
RcJiftai;ce in either Wheel, Uiei^fore the brger Wheel will 
not fink fo deep as the fmaUcr, and fo wiU be drawh pulre 
eafily. . . lj : 

20. Since the Ends of the Axles, and the Holer in the 
Naves of large and fn^a)l Wheels ere equal, and fince, lin 
paffing along, the finall Wheel (to nKafiire; the fiune Lco^ 

' * ' of Road) muf): turn round i^n \t& Axis oftner than. a< large 
one; it follows, that there lyiJlbe a greater Qe^tjliy of 
Friftion in the fmall Whe4 rt^ i4 >th0 Ivger, aiid that in 
tK€ fan^ proportion as it is l^^ qr a$ its Veiodty is greater. 
llence on Account of this,, a<id /tveral other. UkrCaufeSj^ 
firall Wheels are nuichM^pre fobjetl to be out of; Repair, ^ 
be at Fai)U, ^6. ,to be worn qpi^; 0^1, than htpx ones. . 

21. Ne^ tojthe Convenien^y n^jB^^n'd u^. 14. that of 
turning tiie Carriage in a fmallftr Compf 6^ with fmeU: Wheels, 
tiian capi be dons by ;la^s:<pj% ; hiis^in^e thcimiiwre ne- 

e?tfaiy 
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cefiaiy In Waggons and Coaches^ for becaufe of their Smallndt 
they can be brought near to, and partly under the Sides of 
the Carriage, and fo their Axles lying more obliquely under 
the Bed of the Carriage, admit it to be tum*d about with 
greater Eafe. 

^ (XLIX.) I. To conclude thefe Mechanical Lednres, I ihall 
give the Reader a ihort View of the &mous Controve^ that 
has fo long (about 60 Years) fubfifled between the Et^Kfi 
andfrenci Philofophers on one Side, and the Dutcit Ger* 
mam, and ItaUans on the other. The Subjed was, Wbtttef 
the Forte of Bo£a in Mottoitf ftriking each other ^ he pn» 
portioned to the Simple Vehdty of the Motion, or to the Sfuan 
rf the Velocity ? The EngUJh and French maintain the former; 
Uie other Gentlemen the latter. 

2. This Difpnte iirfl conimenced between Mr. IhejfM 

^md the Abbot Catalan, about the Force of Ofdllating Bo* 

dies } it continued fome Time between thefe two Gentle- 

i men j at lail. another Subject of the fame Kind engaged the 

I fiiid Abbot with the famous Lethtdtx, who is to be efteem*d 

I the firft Author^ that plainly declared, in expreis*d Words» 

not the Forces of Bo£es were as their Maffes multiplied ly 

the Square of the Velocity. Catalan, and afterwards Mr. Papin^ 

anfwer'd Leilmtzi he reply *d agun, and feveral Papers were 

written on the Subjefl. 

3* It then became a Matter of general Enquiiy, and the 
Philofophers of every Nation began to confider which Side ta 
be of, and whether they fhould declare for the old ox for the 
new Opinion, Hovever, they did here, as th^y do in Reli- 
lion, go by a whole Nation together; the common Herd of 
Philofophers following the Dictates of their Leaders. Thus 
Leihmtz, Polenus, S''Gra*vefande, and Mufchenbroek lead the 
German and Dutch*, Papin, Mairan, Sec, the French', and 
Pemberton, Fames, Defaguliers, Clarke^ Sec, the Fngli/h. 

4. In this Controveriy alfo, as in thofe of Religion, the 
Opponents difputed with very great Warmth, wonderM at 
eacn other's. Slownefs of Apprehenfion, or Backwardnefs of 
Belief; and I wiih I could fay, that they had always ob- 
fervM fuch an impartial, free, and generous Behaviour and 
Stile of Expreflion, as the Dignity of Philofophy demands. 
We fhould then perhaps have found Dr. Defaguliers better 
employed than in blaming Dr. Samuel Clarke iotunci'vilTreat' 
went, for rude and impertinent Fxpr^ffions, Sec, in regard to 
thofe who defend the new Opinion of the Square of the Ve- 
locity. 

5* As it ufually falls out in other Cafes, fo here when 
Men find thenafelves pre&'d with Difficidties and Ab fluidities 

in 
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in their Schemes and Notions, they have recoUHfe to &<? 
Subtilties of Metaphyfical Diilindions, though feldom to any 

food Purpofe. Thus when it appeared too plainly by aU 
)xperiments, and even to common Senfe, that the natural 
Force of Bodies was proportional to the fimple Velocity and 
Mafs of Matter conjointly; we were told ^twas neceflary to 
diftingtiifh the Force of Bodies into two Kinds, nnx, the Fif 
Fi<va or Living Force; and the Fts Mortua^ or iht Dead Force. 

6. By this Fis Fivat <>r living Force, we were to appre- 
hend that which refulted from the vifible Adtion of one Body 
uponanothel", as that of a falling Weight; but the Fis Mor^ 
tua or dead Force was to be underflood of that which was 
defboy'd by a contrary Agent, as a We^ht in one S^e of 
a Balance is kept from descending by a Counter-Poife in the 
bther Scale. But unluckily for the Author of this Refine- 
ment, both thofe Forces appear, even by the Balance, to be 
mt\itK2irio of the JimpleFelocity into the Mafs, 

7. Thus for the living Force, if on the proportional Ba- 
lance you place 4/^. at the Difbuace of 6 Inches on one Side, 
and 2 lb, at the Difhnce of 12 Inches on the other Side, 
and if the Balance be put into Motion, they will each of 
them have a Vis Viva^ or an adlive Force, becauie they wilt 
keep the Beam in Motion for fome time, till, by militating, 
they murder or kill each other; and then furdy enough they 
become Fires Mortua^ or Dead Forces. 

8. But let us fee how they exerted their Power while 
living. One (A) adled againft the other ( B ), with the Gra- 
vity of twtry Particle in a Mais of 4/^. and with the Velo- 
city in each Stroke that 6 Inches diflance could give ; but 
fince all allow the Weight to be as the Mafs of Matter, and 
the Velocity as the Diil^cc from the Centre 6f Motion, 
therefore all the Forde which A exerted was as 4 x 6z=£z^. 
In the fame Manner it is fhewn the whole Force of B a£Ung 
againft A, >^ as 2x12== 24; that is, in eiach Oife, the 
Force was as the Velocity into the Mafs of Matter. And 
bccaufe they were equal they deftroyM each other. 

9. But had thofe Combatants A and B been arm'd with 
Forces proportion'd to the Squares of the Velocities, that of 
A would have been but 4 x 6 x 6= 144; whilft B would 
have had a Force equal to 2x12 x 12=: 288; by which he 
would have demolifhM A at one iingle Stroke, and been the 
furviving Conqueror. 

10. Let us now coniider thefe two Bodied A and B as 
dead, and fee what Forces they exert (Ferbo detur Fenia) 
in that State. In order to this they mull be hang*d upon 
the Arms of the Balance^ one on each Side, till they are 

« dead. 
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dead, f. #. notioDlefs; bot tins will not happen till their Di- 
ffamcet from the Centre of Motion become redpiocally pro*' 
portioiial to their Maffet of Matter; and then *tii plain the 
Oife is the fame as before ; for the dead Force of A will be 
as 4x6x1=24=2 X i2=r dead Force of B. Whereas if 
thcfe Forces were as the Mafles into the Squall of die Ve- 
locities, A of 4ii. and B of 2lh. ought to die at the Oi. 
fiances 6 a^ 8; 4 Inches from the Centre nfytdinAy^ but 
If the Expmaient be tried there, fuch ftrong Sjrmjl^toms of 
Xife will be fbimd in A, as «umifeft the Palfitj of this Hy- 
pothefis. 

• II. Being driven from thif Subterfuge^ they fedc another 
in a critical DiHin^tion between F&rct and Preffure. Frejfure^ 
Ay they J is the Power with which Bodies zQ, by Means of 
Jidfarmnents; thus a Weight in one Scale ads againft the 
Weight in another by PrdfTure; but the Power by which Bo- 
dies a£l on each other alone, is properiy called Force, as when 
one Stone ftrikes another by falling on it, or a Hammer 
ftikes an Anvil. The former they allow is proportional to 
the Velocity and Mafs of Matter conjoindy ; but the htter, 
diey ray> is as the Mafs multiplied by the Square of the Ve- 
locky. 

1 2. But this Eclareiffment boots them as little as the for- 
mer, if they mean a momentary Impad or Stroke, or fuch 
whfl^e EfFe^ is produced in a Moment of Time. Fof *in fuch 
A Cafe we £iy, the Stroke is in Proportion to the Mafs of 
Matter, and alfo to the Degree of Velocity, and therefore 
as both conjoindy ; but we deny there is any otiier Source of 
Power from whence a Body can derive any Force for pro- 
ducing a momentary £ffe£l : Nor have any of thofb Gen- 
tlemen been able to (hew there is, though fome (bewilder*d 
in the Labyrinth) have attempted it, but in how weak and 
ridtCulons-a Manner may be feen in a Piece xntitul*d, Dg 
Confemfatione Virium*vivarum, 8cc. And 'tis worth the Reader'a 
while to fee the jocular Confiztation of this ludicrous Piece 
by Pbililtiuberus LonSmnfis. 

1 3. If they fay, they would not be nnderflood of momen* 
tMieous EfBsdb, but fuch as are produced in Time, dien they 
have no Antagonifb. And *tis plain from their Experiments, 
that this is their Meaning after all. For the Experiments 
which they fo much infill on, are fuch as are made by letting 
Bodies fidl on foft Subftances, as Clay, Batter, &r. or by 
the A^on of Bodies on yielding Springs, or ipringy Bodies ; 
in all which Cafes, the Effled is not proiduced infbmtaneonfly, 
but in Time; the Clay takes Time to recede, the Spring to 
bend, e?^. 

• 14. If 
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14; if the Time be taken too ConTideratioii, then etrcr^ 
Body muft know that the Effedl will be propoitioiial to the 
Intenfity of the Caofe, and .the Time of iu ContiniiaiiGe :' 
Thus, for Example, the Effed of Gravity on Bodies lek to 
themfelves caufes th^m to defcend 1 their Defcent therefore 
will be proportionate to the Power of Gravity 1^0 them, 
and therefore greater in thofe which fall frealy, tjian in othen 
Which defcend on Inclined Planes In a given Time* wherd 
i'art of the Force of Gravity is deftroy'd by the Re-aftioft 
of the Plane. But fmce the Adion of Gravity, is not in* 
flantaneous^ but continual^ therefore its ESt€t, 1. g. the De^. 
fcent of tjie Body will be gf eatelr in Prdportion to the Time 
of its continuing to ad on the Body, feparately confider*d 
from its intrinfic Force. But this Force is as the Velocity pro- 
duced by it in a given Tjmei aUb the Time is aa the Veto- 
city, when the Fotce is given ; thereftire the ESMt, tdx, cba 
Defcent of the Body, is as the Square of the Vdocity. 

15. Or in Symbols thusi let Esz the EfFedt prodnoed by 
any Power z=.?t ading in any Space of Time =T^ npon 



any Body :=:Q^,. moving with any Degree of Velocity V. 
Then 'tis plain, E will be as Qss V ' 



plain, E will be as Qj=: Mafs of Matter in the 
Body, when P, Tj and V, are given; alfo the EflFea E w31 
be as the Inteniity of the Powei* P| when T, Q^ and V are 
given; again, when P^ Q^ T are given, E mult be as.Vi 
and laJUy, we ihall have E as T, when P, Q^, V, are given. 
Therefore when neither of thefe are given £ :Qx Px Vx T j 
iwd in cafe of any different £ffe£i, let i:fxfx*vxt, 

1 6. Then fiippofing the Bodies equal, *viz, ^j=i q^ we have 
E : ^ :: P V T :/^ /. Thus the fame or two equal Bodies, 
defcendiiig on two Planes unequally inclined^ will defcend 
thro' Space?* which will be as the different Powers of Gra- 
tis P and /^ as the different Velodties V.and nt in any Point 
of Time, and as the different Times T and / of their De-* 
fcent, conjointly. 

i>. li not only the Bodies ^and f , but aUb the Powers 
P and p wliich adluate them, be fuppofed equals or ?:s:f^. 
then E : ^ : T V ; / V* ThUs in cqiud Bodies falling freely by 
Gravity, the Effed:^ or the .Space which they defcribe^ will bt 
as the Tii^e T and / of the Falls, the Velocities V and «w at 
any Point of Time in the Fall. And becaufe in this Cafe 
the Velocity is always proportional to the Time, that is^ 
T:/::y:<z;; if we multiply each Ratio by the fame Ratio 
V:«i/, the Analogy will ftill be the fame, wix, TV:t*vii 
V* :a;* ; whence E : ^ :: V* : v*; or the Efca of iaHing 
Bodies in defcribing the Space, will be as the Square of the 
Velocities, 

t8. U 
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18. If wc fuppofe the Times given» that is« T=r/, then 
(the Red as before) we have EmVivi that is, the Forces or 
Effects of equal Bodies, falling in equal Times, are proper^ 
tional to lYie JimpkFiUcities. 

19. If V=:«i;, or the Velocities given j then E : e :: T : /. 
Thus if two equal Bodies lying on an horizontal Plane, le^ 
ceive a Stroke each from Springs of equal Force, then will 
*the Velocities be eqval ip every Part of the Monon, and the 
EfFeds £ and e^ m this Cafe, being the Spaces defcribed, will 
be as the Timet of their Motion. 

20. Hence we have.feen every poflible Cafe wherein the 
Forces of Bodies or their Effeds can be fuppofed to vary; 
and *tts plain there is none where the Force is as the Square 
of the Velocity but where the Time is concerned i or where 
fom^ one of the Faftors Q^ P, V, T, is proportional to the 
Velocity; thus in Spouting- Water, becaufe Qi» always as V, 
thereifore, tho' T be given, E will be as QV, or as V^^ 
for P alfo in this Cafe is given, the Power of Gravity whici\ 
gives Motion to the Particles of the Fluid being always 
conflant. 

21. Nor have tbey any Experiment which (hews the Force 
or Eficdb of Bodies proportional to the Squares of the Ve« 
locities, but where the Time in which the EfFe£t is prodacei 
ought to be con(ider*d . Thus in their famous Experiment 
of Cavities, form'd in fofr Clay by falling Bodies, 'tis true, 
thofe Cavities are the Eflfed of the falling Bodies, and pro- 
portional to' the Squares of the Velocity. But what is this to 
the Purpofe, unlefs they will (ay, thofe Pits are infiantaneouily 
produced, which I believe none will pretend to do? 

22. 'Tis evident, this Cavity muft be proportional to the 
Quantity of Matter put in Motion in the Cla^, by the falling 
Body; but this is . proportional to the Velocity on two Ac- 
counts ; the i(r(t is, that every Particle whjch comes in Con- 
tadl with the Striking Body, receives a Stroke proportional 
to the Velocity, therefore sdfo the Number of Particles which 
each of thefe can move, will be as the Force of the Stroke, 
or as the Velocity of the falling Body. Secondly, among 
yielding Particles, the Nomber which the ^ling Body can 
apply to in a given Time, will be as the Velodty ; confe- 
quently the whole Number of Particles which can be moved, 
both immediately by the Body itfelf, and by the Motion com- 
municated to the Particles, will be as the Square of the Ve- 
locity; and therefore the Cavity will be in the fame Ratio 
alfo. 

^ 23. \^c hence ohferve, the fame Method of Rcafoning 
may be applied to ibft and yielding Subflances, as has al- 

N wavs 
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vity, and Preffure of Fluids. A Fluid is a Sub- 
ftance whofe Particles yield to the leaft partial 
Preffure, or Force imprcfs*d. .And. hence 'tis 
reafonable to infer, that thofe Particles muft be 
exceeding fmall, fmooth, round, and ponderous 
Bodies; aad dbfcrve all the Laws of Motion and 
mutual Aftion in common with thofe of all ether 
Matter fL), The following are the Laws and 
Properties of Fluid Bodies. 

• (i) I . That the CbSLTzSten of a FtuiJ intended in tfats De-» 

finitipn are a|l of. them neceffaxy, will appear from what 

Follows. The ^i& is, thzt thty SiTC exceeJiftg /maH ; for that 

the Smallneis of the Particles conduces to Fluidity^ is evident 

from l^ence, that the Points of. ContaA between Spheres are 

in Proportion to their Diameters, and therefore grow left 

»u yV ^^*^ ^^ Spneres, though not in the fame t'roportion. And 

Plate XV. ^g j^f^ the Points of Conta^, the Icfs will be the Gohefion. 

f*8* '• and of couife the greater the Difpofitipn of the; Partidej to 

Fluidity. 

:(. Tq illuftrate what I Jiave faid. let A BCD be a Sphere 
infcribed in a Cylinder EFGH ; it is demonftrated by Geo- 
meters, that the Superficies of the Sphere is eqnal to the 
curved Surfecc of the Cylinder, and that the Superficies of 
any Segment of thp Sphere |^ D M is equal to the co^re- 
fpondeht'Sorface 1 K G H of the Cylinder ; if therefore the 
Line IK move on till it coincides with HG, the Superficies 
of the Segment of the Sphere L D M will become the Point 
of Contadt with the Plane H G, and that of the Segment 
of the Cylinder IKGH will become the Periphery of the 
Bafe of tjie Cylinder; but this Periphery of the Bafe will be 
-^ as the f)iameter H G of the Cylinder, which is equal to 

the Diameter of the Sphere AC; therefore the Pfcint of 
Contafi of the Sphere with the Safe of the Cylinder,' or 
the Plane which it touches, will be proportional to its Dia- 
meter ; whence it follows, that tlie Point of Contafl between 
two Spheres will be in Proportion to their Diameters. 

3, The fccwd ChmraSlerifik of the Particles of a Fluid is, 
that they are fmooth ; by this means they become lubricous,* 
9xd apt (0 flid^ or move by each othpr with the grcateft Fa- 



i. All Fluids are incbmprejftbk^ except Air ; or, 
ibey cannot by any Force be comprefsd into a lefs 
Space than what tbey mturdiy poffefs \ as is proved 
by the Florentine Experiment of filling a Globe of 
Gold vfixh Water, which, when prefs^d with a 
great Force, caufcs the Water to tranfude or iffuc 
thrbugh the Pores of the mafly Gold, in Form of 
Dew, all oTer its Surface. (LI) 

cilky and Freedom; and therdbre their DiQk>fitioil to FlmMty 
U proportlonably pro m oted and augmented % for ^njA. of this 
Qualiqr^ though the Partides of Matter Arere poffels^d of 
Itll bthetft mention*d in the Definition^ yet would they never 
cohftituie a Fluids fince nothing is a greater OI>ftniAionthere^ 
to, than Asperity or Roughneis of the Superficies. 

4. A third Cbaraaeriftic is their Jtmmdmfs or Sfherictiyi for 
the more fpherical the Particles, the fewer Points they touch 
each ether by, and the lefs the Points of C6nttd are ; on boch 
which Accounts the Attradion of Cohefion will be dimi' 
iiifhed„ ^d their Difpofition to Fluidity or Volubility will be 
increafbd. , . . . 

5. The furtb Cbamfferiftk m tfie Definition of the Parti- 
cles of a Fluid is^ that they are f$nJemts or heavy BoSts, By 
t^is Property, Fluids do. not oidy gravitate in common with 
ail other Softs of .BodieS| but alfo they derive from hence a 
i'ower or Force of Preflure peculiar to themfelve^ ; and by 
£hat means- ad upon Solids in a werf different Manner thari 
that in which Solids ad upon each others as will be fbewri 
ftrther on. 

6. The furprizing Subtilty or Minutnieis of the Particle^ 
of Fluids de&rves our farther Speculation and Remark. So 
fmall are they, as to efcape the Sight ^ffiAed by the beft of 
GlalTej; that tbey freely pa6 through the Poires of the den-' 
fell Matter, as Gold^ 8cc. that they become invifible in Va- 
pour; and fo light as t6 rife in Air, yea, in Air that is 
greatly rarified and attenuated. And it is well known, that 
Water has its Particles fo very fubtile as to pafs by Ways that 

Air will not, and perhaps is exceeded by nothing in this won- PI. XV. 
4r6us Property, but the Partida of Fire and ardent Spirits. l^ig. 2, 

(LI) I. This Experiment muft be made with a Globe, for 
i^is Reafon, b«caule a Sphere contains a greater Quantity of 

N cr II; M 
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II. All Fluids gravitatey or weigb^ in fropCf* 
tion to their ^^uantity of Matter ;- and that not 

Matter, under the feme Superficies, than a Body of any o- 
'ther Figoft whatfoever. TJus may be made appear in tbt 
Mowing manner; let AB, BC, CD, and AD be four 
Lines, of which the three firft are of a given Length, and 
the fiMnth varmbk; and let it be required to di^e them 
in fuch a Manner as to comprehend the grea^ Area pof-* 

me. 

2. Let AB and BCikake a given Angle ABCi then will 
the triangcdar Space ACB be given. Upon C, with the Ra- 
dios CD, deioibe tie Setoknck aDe^ dwn *tb plain the 
other Part of the Amt, or the Tiiat^ made by the Lines 
AC, CD and AD, will be greater or kfler, accordmg to 
the Pofitioh of the Line CD; for as *tis made C D or cd^ 
the variable Line wiU be AD or Ad; and the Triaifk 

AC ' 
form'dwiH be ACD or AC^, whofe Area will be ^x 

,2 

CD, or cd, (c d being drawn perpehdiciilar to A C produced.) 
3'. Now 'tis evident this Triangle will be grcateft, when 
r^ is a Maxhmm^ diat is, wh^n it becomes C D; and con* 
feqoently the Triangle ACD is the greateft poflible when 
C D makes a Right Angle with AC; and in this Cafe die 
Point C is in a Semicircle defcrtbed on A D as a Diameter* 
Therefore, alfe the other Angle B, being m the Semicircle 
defcribed on the iame Diameter A B, will make the other 
Part of the Trapezium a Maximum \ and fo the whole Tra- 
pezium A BCD iiifcribed in a Semicircle, will be greaite^ 
than any other, whofe three Sides A B, B C, CD, are the 
fame. 

4. Since what has been demonfbated of the Trapezium, 
is ttiie of iny* other Polygonal Figures (becaufe they may be 
refolvcd into Trapezia) and fmce the Sides of a Polygon, 
when infinitely fmalt, do coincide with die Circle ; therefore 
the Circle is die mdil CEipacious Figure, or contains the 
^eateft Area onder the fame PcHphcry. 

5 , For £xainpie ; fuppoie a String C were difpofcd into the 

7C 
Form of a Grde ; tl^n as 22 ; 7 : : C ! — =r Diameter 

of the Circle ; the Radius therefoce ia ^ , and fince the A- 

44 
ret of 9 pin;!^ ij equal to the Periphery multiplied into half 

only 
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bniy in the Air, or iH Vacuoj but iripraprio Loco\ 
or, a Fluid weighs the fame communicating with 
a Quantity of that Fluid, as iti Vacuo \ which all 
Pliilofophcrs (till very lately) have denied (LII). 

the Radius, th^^efine C x ^ = ^^ s Ax^ of tW 

Circle. Again, fuppofe the (bne String diipofed in the Ponn 

of a Square ; the Side would be — , snd the Area ^ -7* 1 

4 10 

hence the Area of the Circle wofiild be to that of the Square 

7CC CQ 71 

■'•ir'^ir' **r-||to^. thatis,a^i4td,.. 

6. Now fiiice a Sphere may be confider*d as noubde op of 
circular -Areas, it plainly follows^ that a Spliere will con- 
tain a greater Quaiitity of Matter under th^ fiune Surface than 
any other Solid. Thus a Sphere will be found by Calcu- 
lation to be more than twice as big as a Cube of ^e fame 
Surface ; and therefore the Water eontainM in 'the Globe 
mull, when the Figure of the Globe was altered, be either 
comprefs'd into a lefs Space, or make its Way. through the 
Pores of the Globe^ as in the Experiment we find it will; 
which therefore evinces its hK9mprtffibiHty. 

7. Sojne Philofophers areindined to think that Water is not 
abfolutely incomprefiibley or that the Particles thereof do not 
touch e?ich other ; but are kept at a Diftance by a Centrifii* 
1^ Force fuperior to any Force we can apply in compref* 
&ig them. But biieaufe this is an Hjp^btfis that has icaroe 
any thipg^nore than bare Poffibility to recommend it, at leaft 
nothing is oiFerM to render it probable ot neceSary ; ihere^ 
fore we are not to admit it among the Prlnc^dei of the New-' 
tonian Philofophy. 

(LII) I . That Fltdds gravitate, or are htevy , m the fam^ 
Manner with Solids, is evident^ becaufe the £arth*9 AttradUod,, 
which is the Caufe Of Gravity^ equally affe^ the Partide$ 
of all Sdrts of Matter; a^d therefore excites the fame £«^ 
deavour or Tendency towards the Centre of the Earth in thcf 
Particles of A Fluid, as in thofe of a folid Bodjr; and this ht 
what we call theit AhfoluU Qr^^ty. 

2. Now fince in Fluids of the (ame Kind,- as Water, all . 
the Particles are reafonably fuppofed equal and alike in all 
Circumftances, they Will be all equally affected by Attra£Uon, 
itnd theitfore have among themfelves an equal Tendency to- 

N 4 III. From 
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III. From the Gravity of Fluids arifes their 
PreJJure^ which is always proportional thereto i^nd 
fincc we may fuppofe all the Particles of a Fluid 
to have equal Bulk and Weighty the Gravity of 
the Fluid, and confequcntly its Preflure, will be 

wards the Earth's Centre. Whence, fincc they gravitate equally, 
if they are equally obilroAcd in their Deicenc (as by the Bot- 
toms of Velfels, faff J they will all retain the (ame Pofition 
among themfelves, as ST they were affedled by no Kind of 
Power at all ; and thos they are faid to be rekti'vely at Reft, 
or in a State o( ^uiaus among themfelves. 

3. Since no one Particle of the fame Fluid has a greater 
Share of the attra^ing Power than another, no one h^ tend 
to defcdnd before another ; and therefore among the Particles 
of the fame Fluidy there is no fuch Thing as we call Rela- 
ii*Ve Ct Refidunl Graruity^ which is nothing but the Excefs of 
Gravity ^ by ijchich one Body tends do^^nnvards more than ano* 
thifr^ as will be more fully explained hereafter (See JMMOtat. 
LVIII.) 

4. Now because PhilofojAers found that a Bucket of Wa- 
ter in Water wcigh'd nothing (that is, that there was no 
Relati'ue Griwltyin Water) they very ftrangelv inferrM there 
was no Ahfolute Grainty of any Part or PSrticle of Water, 
whilft it remained in Water, but only became heavy when 
taken out, or (eparated from the reft. But their Miflake is 
eafily evinced by the follgwing Experiment r let a Bottle or 
Vial with Shot in it to make it fink in Water (when clofe 
corked) be hung at the^ End of a nice Balance, and then im- 
merfed into a Jar of Water ; while thus hanging in Wattfr, 
let it be counterpotfed very exadlly by Weights put into the 
Scale at the other -Bnd^ Then pulling oat the Cbrk the' Wa- 
tcr will ru(h into the Bottle and deftroy. the Equilibrium, by 
catifing the End 6f th^ Balance to defcend; which will be a 
plain Pf61of that Water has Weight in Water. 

♦J. But tocarry this Experiment farther; let now the JPfw- 
Uhfmm be again reftor*d, by adding more Weights to thofe 
in the S&ile ; then taking the Bottle out of the Water, let 
rhc Water be poured out, and weighed, and the Weight will 
bs found exadly equal to that which was added to the Scale 
to reftore the Equilibrium above*mention'd. This fhews that 
Watex (and all Fluids) weigh the fame its thtk (f^n Element 
a\ mt of it. 
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niw^s proportional to tbeAbitude or Depth there- 
of. Whence the Weight and Preffure of Fluids 
on the Bottoms of Veffels, fcff. muft be c- 
Qual. 

IV. ^e Preffure of Fluids upwards is equal to VL XVI. 
the Freffwrt djwnwards^ at any given Depth. To ^** '" 
iJIuftrate this, and the foregoing Propofition, let 
A BCD be a Vcffcl of Water, whofe Altitude 
£ F fuppofe to confift of a Column of 10 aqueous 
Particles : Then, 'tis evident, the firft or upper- 
moit Particle i can affedt the next Particle 2 only 
by its Weight or Preflure, which therefore is as 1 5 
and fince that Particle 2 \% immoveable, and A- 
Aion and Re-aftion equal and contrary, the laid 
Particle 2 will re-a£l upwards upon the Particle i 
with a Force which is as i. In the lame man- 
ner the Particle 2 afts on the Particle 3 by Pref- 
fure downwards, with 2 Degrees of Force, ari- 
fing from its own Weight and that of the Par- 
ticle above it ; and accordingly it is pre&'d up- 
wards with an equal Force by the Re-a6tion of 
the Particle 3 : And fo of all the reft. Where- 
fore the Propofitions are manifeft. 

V. "the Preffure is upon all Particles of the Fluid 
at the fame Depth equal in ewry Part\ or^ the Par-* 
tides of a Fluids at the fame Depths prefs each other 
every way^ and in all JOireffionSy equally. For if 
any Particle were prefs'd more on one Part than 
another, it muft give way, or yield, till the Pref- 
fure became every way equal; otherwife an inccf- 
^t inteftine Motion of the Particles would enfue, 

which 
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which is abfurd, and contrary to Experience 
(UII). 

(LIII) I. There arc fevcral Ways to (fccw that the Pref-^ 
fure of Fluids is every Way e^ual; but the aioft Ample and 
tvident» I think, is by taking a very long Glafe Tube hcr- 
' ' ' jnetioJly fpd*d at one find, and immeifed in a tierpendicnlar 
Pofition whhjUl^e open End in another tall Tube or Jar of 
Water; the Air in the T«bc being compreilible will yield to 
the FttSwre of the Water below, and admit the Water to 
fife in ^ the Tube, to Heighu which will be aiwaya propor- 
tional' to die Altitudes of the Fluid above it; and this will 
1be At Cafe when the lower Pan of the immerfed Tube is 
kmnt into' a Right An^le« ^t the Water may comp upon it 
laterally ; and thence it will appear that the Fr^wt cfFlrndt 
^s every Way equals and frot>ortiimat td the Altitudes. 

2. This iikiBwirc tiay be lie wn from mechanical Prtndpfos^ 
for let the Sphere A be {iipjported by two others in an hori- 
j>l. XV. zonlai Pofition B and C; join the Centres a, B^ gi and 
Fig. 3* draw the Perpendicular et /; let e^ be a Tangent to the 
Sphece B in the Point r^ where the Sphere A touches and 
preflcs it, . interfering the Pcrpendicuhu- a/ine; and let ae 
exprrfs the Force w A downwards; then fince ae Is te» 
folvablc into two Forces ir and r/, of which the latter 
bemg in the Tangent to B, does not at all afFecl it, and the 
other ac being perpendicular to the Sdrface ; this oftcr Force 
acis that alone by which the Sody A preflTes B. 

3. JBnt fmce ac ^isza oblique, Foree, that isy neither per- 
pcndiculaf nor lateral, let it be refolved into th^' two Fortes 
ai and dc;- of whidi -the former is perpendicular, and (a 
does not affiedt the Body JB in preffing it Sideways; but th^ 
.ochof dc' b^ing; in an horizontal Direttioti Is all the Force 
xvicli'wiikh A preffcs B Ht k' lateral I>ire£lion; but finc^ 
dfr,h fataUel to i/, we kiiye ac :^c :c abxfifi and fines 
the Paiticlcs of a Fluid are ca^al, we haire /kz;:ztcz^aci 
therelrbrc fh/s=Li ah^ atid tbtifequentlv </f = J aV ; that 
li, the Force .^Uith^<wikh A fct/fk BJatefoUy is jujt ha^ 
the^rjU'm^.''Mhicb it fr^pksif direSh* 

4.' And lihce by the thu-d liaw of Motion the Preffure of 
the S{iheye D upwards .11 ^equal to that of A downwards,' 
and ib the Force upon the Bodies B and C in a lat^ml Di- 
rcdlion b the fame, that, Is^ial/ the dire^ Forces therefore 
^« whole Force with whkh th9 Body B or C is urged la* 

VL From 
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VI. From the mutual Prefiure and equal A- 
&ion of the Particles it follows^ thai Ae Stirfdce 
of a Fluid mufi be ptrfeSfy finootb and even \ for 
Ihould any Part ftand higher than the reft by any 
Force, as Attra£bjon, (^c. it would immediately 
fubfide to a Level with the other Part by the 
Force i^ its own Gravity, when that Force is re- 
moved. 

VIL The Figure of the Surface of all Fluids 
IS Jphcrical or convex ; for all the Particles equal- 
ly gravitating, towards the Centre of the £arth» 
will take their Places from it at equal Diftances at 
the Surface, and fo form a P^t of the Superfi- 
cies of a Sphere, equal to the Bulk of the Earth 
(UV). 

lerally by the joint A^Uon of A and D is iptal io the nvh$k 
Ihfre tuitb luhick dibir of them a? t^ thim fa^fy* From 
%^t has been faid, it appears, that the Force with which the 
Body A or D prefies the Body B or Q; k left than the Force 
of Gravity ». orthat by which they ad peipendicalarly, thatis» 
He is lefsthan tf A 

(LIV) I . ^Befides the Reafon of the Hiing, we know by 
lExperiment/that the Surface of large Waters,, ai thofe of 
the Sea or Ocean, ii convex i for a Perfon ihmding on the 
Shore, and tiewtng a ^htp wider Sa^, diredly berai% ^im, 
win lofe Sight thereof by Degrees, the Hull or Body of the pi, XV. 
Ship firft difappearing, then the bwer. Parts of the Mafli, fL . ' 
then the Tpps of the lower Mafb, and lafUy, the Top of 
the tallefl Maft; as reprefented at A, B, C, where the Ship 
gmduatly defceods below the horizontal line H O, or Line 
whidi bounds the'S%ht» as it proceeds ca the convex Sor- 
hjct of the Earth l^m A to C. 

2. The Reafon why we fee not this Convexity in the Sur* 
Ace In Fbids of finali Extent, as ia Veffels, Ponds, i^c. 
Ssbecaui^ the Sqpetfides of aSpheft fo large as that of the 
Earfli will fo. nearly cO>indd)» with a Plaoe, for a certain 
^ace^ at not to be difcqnuMe from it; and thevefore the 

VU. Since 
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VIII. Since Fluids prefs equally every way, the 
Prefiure of each Particle againft the Side of a Vet 
fcl will be proportional to its Altitude ; and con- 
fcquently die Preflures of the Particles i, 2, 3, 4i 
&c. of a perpendicular Cdlumn againft the Side 
BC will be as a Series of Numbers in Arithmetic^ 
Progreffion, whofe firft Term is o ; therefore the 
Sum of all the Prejfures is equal to the Nujnber of 

Surface of Fluids within that Space, or Extent, will appear 
plain or nearly to i and what that Extent of Sur^e is, as 
the Reader may be curious t6 know^ I will ihew by the 
following Calculatiott. 

3. Let AC be the Semidiameter of the fearth= 4000 
• Miles, or 21 i 20600 Feet; (f6r 5280 makfe one Mile,) AE 

a Part of the £arth*s Sur&ce, A F a Tangent thereto at the 
Pf. XV. Point A. Now it is found by Experience, that nothing is di- 
F^» 5. ftindly vifible to the Eye that does not fi^tend an Angle of 
one Minute at leaft. Let B D then be the lead Diftance be- 
tween the Convex Surface A E, an4 ^e Tangent Lihe A F^ 
that is difcemable to the Eye at A ; then wSl DAB, qgr- 
tain*d between the Tangent and the Chord A B,^ be one Mi- 
nute. If now on A B we let fall the Perpendicular C G« 
then in the right- angled Txiangle AGC, we have all the 
Angles given, and the Side AC, to find the Side AG. Fot 
fince D A C is a Right Angle, and DAB=: i Minute, the 
Angle G'ACssS^' 59^; and therefore the Angle AC€ it: i 
Minute ralfo. Therefore we.fay», 

As Radius 96* — - "u 1 ^ - ' ' '• ■ FOjOQOOQO 

h to the Ai^le A C G i Minote — 6,-4637?6 
So is the Side A.C =z 21 1 20000 — 7,324694 
To the Side AG = . .6144 -»-*— 3,788420. 

4. But aAGr±ABs:i£28& Feet, which is ^ little 
more than two MUts and a Quarter ^alid therefbne. unlels the 
.Surface of Water be more than . tWo Miles extent, ^ will 
not ap]pear differmt from a Plane ; the Difiance DB being 
m any lefr^ Extent infenfible. Hence a Ship on the Sea wifi 
depart about two Miles and a Qoarter before we ienfibly 
loife Sight of any Pan, befiaofe til^ then flic wiU ftem to be 
Ming Oil a Plane. _ , . 

PreJfureS 
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Prejfures multiplied hf half the great eft Preffure: 
But the Number of Prefiures is as the Number 
of Particjes, or Altitude of the Fluid BC ; alfo 
the greateft Preffure is as the lame Altitude : fl^ere* 
fore the total Preffure againfi the Side of a Vejfel is 
as the Square of the Altitude of the Fluid (LV). 

(LV} i.That the perpendicolar Prcfliire of Fluids on the 
Bottom^ of VeiTels is eftimated by tJ^e Area ofthgi B^tj^qm mul- 
tipUid hy the JltihuU of the fluid ^ is evident, I iapppfc, to eveiy 
Reader. For fuppofe a Veffdl were z Feet widf , .,3 Feet 
long» and 4 Feet.deep^ aod ^U'd with Water to the firixns 
then the Area of the Bottom is 2 x 3 =;= 6 f^oare Feet, and 
cv^* fqiiare Foot hieing prcfs'd'by the Colomn of Water* 
containing 4 jcubic Feet, /tis plain the whole libttom will be 
prefs'd \y' 6 X 4=24. cubic Feet, that is, by the whole 
Nuxn}}er of cubic Feet which the Vefiel contains. 

2. But the Quantity of the lateral Preflure« fir that againft 
the Side of the Veflel, is i)ot fo obvious; yet among the Se- 
veral ^ays of computing it, I think none fo eafy, natural, 
and univ^ffal, as that I have mentioned, <viz, by coniideting 
it In a fingle Column of Particles^ as a Series of Quantities 
in yS-itl'metical frogrejjiony becaufe this depends entirely on 
the fmgle^ Principle already eftabliihed, viz. that the Aaiom 
or Preffure- of Fluid Particles is every <tvay equal. By which 
I dull endeavour fs^rther to illuibrate t^ Matter, and fiuali* 
late the M^;bq4 of Computation. 

3.' Ippon the uppe/moftSuiface of the firft Particle i, 
which coincides with ^e Surface of the Fliiid, there is no 
Gravity, and confequently .no Preffure ; therefore the Begin- 
ning of the Series, or firft Term is o, or nothing. The Body 
of the iirH Particle prefles the fecond Particle 2 with its own 
Weight' which is as i, an4 it preiTes the Side of the Veflel 
with the fame Force, and therefore the fecond Temn of the 
Series will be i. The fecond Particle prcffes the third Par- 
ticle 3 with the Force of its ovym Weight, and the Weight 
of that above it, that is, with a Force as 2 ; and fmce it 
preffes the'Side of the Veflel with the fame Forde, the third 
Term of the Series will be 2. After the iame Manner it is 
ihewn, that the fourth Term will be 3, thejpfih Term 4, and 
fo on. ' AVhence 'tis evident the feveral Preflures will be as 
the Serics'o, 1, 2, 3, 4, 5, 6, 7, 8, 9, xo, tfr. 
* 4I Now that the Sum of fuch a Series is equal to the 

IX. Hence 
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PI. XVI. IX. Hence if the Veffel AC l>e of aCifacal 

f «' "• Form, the Prcfliirc agairift'a Side BC is half that 

upon theJBottora C D v and coo£bqucntiy» ihe total 

freateft Tcrpi, multiplied by half the Number of iTenns, is 
nown to 'CTcry Perfbn vcncd in common Arithmetic, and 
may be eafily fiiewn hy zgi Example/ For fuppqfc tfe Se-. 
lies were o, i, 2, 3, 4,- 5, 6, 7, 8, 9, 10, 11, then the 
Number of Terms is 12, ^nd.the half thereof .6; i^^.^he 
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half t^ Pfidirure upon a Line pf the fame Length in die 
Bottom of the Veffel, viz: a.Lfhe of 12 Particles, for^i;^^ 
eafeh Poim ffibgbtf thf RrdCo'tf' of 11 ftuticles, the whold. 
muftber2 5eir^r3^. ' • 

5. It may here be bbjeaed'lihat I have take^ i z Patttctei 
in a Line 'at the Bottom, whereas there is but ii act the 
Side, and therefore the Length df the Side and Botton» is not 
the fame, ilsih the Suppofitio'n \i^ ih'ake it. But. it is to be 
coniider'd Jthat when the Particle^ ate fuppos'd indefinitely 
ftnail and numerous, as is the real Cafe of Fluids, the Dif- 
ference of lucngth occafion'd by one ;finglc Particle wffl be 
infinitely imall, and therefore will n^e no Error in the Oka^ 
putation. ' 

6. Let the Sum of alt thePrefl&fes, or tlx« total PreflTure 
againd the Skle o( a Veifel, be rej^i^fented by S^ die Num- 
ber of Terms in thre Series hy 1^, jlnd the greateft Term by 
G; then ftoce S =:.« N G, and fince N and G are ever pro- 
portionalto each btnet, we fhall have S as | N N, or a 8 
as N^ 5 ^nd fince Hafves, are. in aie fiime Ratio with their 
Wholes, we have S as N* ; that is, th Sum or malfreffintf 
ivili he as the Square ^ the iSumier rf ferms^ or Altitude of 
the fluid. ' ' : : ' : ' 

7. For Example, in' the ab^ve Series, if we take the Sum 
of 4 Terms, it will be o -j- * + '^ 4" 3 = ^ » *pd then of 
8 Terms; the Sum will be o4- i X 2-l.3-l-4-J.5-46 
-f- 7 =^28, which is 4 times' o, and 4 over. Now thefe 
Sums oiight (o^be as i to 4,' becaufe the Altitudes were as i 
to 2 ; and tho' the Sam of any Number pf Terms will always 
be a little more ,than 4 time«. the Sum of half that Number 
of Terms in this Way of computing, yet when the Num«>' 
ber comes to ble exceeding; great, the Excefs will become 
indefinitely ^all, and therefore may be negledled in the Cafe 
of Fluids. 

Pr^Jfurc 
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Prejfure againfi the Sides and Bottom, is equal to 

fbree times the Weight of the Fluid on the Bottom 

offucb aVeffel. } - 

. X. The fFeigbt^ Preffure,, cr EffeSt of-^ Pluid n. XYI* 

upon tbe.Bottom DE ofaxy Veffel AGOEF, is % *• 

proportional to the Altitude, A E onfy^ and not to 

the Quantity of the Fluid in the Vtjfel: For^very 

. %, Or xQt more dearly and acouately in Symbflk thus; 
fince $ is always as j; G N. oraa G N; and t&ihe Series a* 
fcove adapted to Fluids, G=;N. — i, therdbre GN = 
NN — Ni and fo Swill alway6 Was NN--^Nt butwlitfii 
N is indeHnitely great, N ^ wiU be ioiinitely greater than N» 
which therefore will vani& iiv that Cafe' id the ExpreffioD 
N N — N; and fo S will ever be as N^, that is« rh& Sum 
pr total PrefTur^ will be a^ the S^[<^re of the altitude of the 
Fluid; 

9. This Way ^f confide^fing the Q^tity of hteval Pref- 
fure by the Jrith^iical SerUs is iiniverfal, whereas the oon- 
xnon MetAod retrains it to the Property, of aaequtcrutai 
ri^t*ai^le4 Triangle, and to x Ve&l of a cubidilForfn; 
v/hich I Aall ht^f e give fbr the Sake of fucji as Would ht the 
Demoriffrition of a Thing in foveral Ways, ABC D 10 a 
VeiTel of a-Xttbipd Form, that is, whofe Side BCk equal 
to the Length of the Bottpm CD ; if then the Diagonal hl> 
be drawn, we fhall have the Limes lacrBi, a^srBs, 
3f=:B3, </4=rB4, W*. but B i, Ba. B 3, B4, fefri be- 
ing as the Altitudes x^ die Fbid,-wili reprefenc th^ lateral 
PrefTures in the Poinds 1, 2^ 3, 4, igf. therefove »Ub the 
Lines aiy bz^ ^3, dj^ is^c. will rc|>fefeAt the (ame lateral 
Preffurcs; hjen^c when tJie DiAances Bi, i«, 33,^4, bfe. 
are indefinitely imaUi the Lines ^ i, ^ 2, ^ 3, i/4, Cff,'vf'M 
be. infinitely near each other-^ and. ib 'all thofe Linea diawli ' 
in the Triangle BCD will make the AfC^ of that Triangle. 
Therefore the Sum of all the hueral Preflore againft the Side 
B C, will be as the Area of that Triangle. But the Area of 
the Tri^gie BCD is as the SqMare of the Side BC, as we 
know from the Elements of U^etry, Confeqnently, the 
Sum' of all the lateral PreiTures.isi a$ the Square (^ this Alti- 
tude of the Fhiid B C. ^E,D.. . . . 

. 10. Now the Prefiure 01^ th^ Bottom of the Veifel C D 
being' eqpal to CDx BC, and the Area of the Triangle 
B D C being equal to B C x ^ C Oi *tis pkin, the Sum of 

Column 
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Column of Particles G H, which preffcs down- 
waids on the Side of the Veffel EF, has its 
Force deftroy'd by the equal Re-aSibn of the 
fubjiccnt Particle H in the Side, and fo cannot at 
all affeft the Bottoni of the Veffel. Again; the 
Preffore of any Column of Particles LM up- 
wards, againft die Side of any Veffel CD^ is e- 

^l die ktnal Freflures againft any one Side, h e^aal to bat 
hdi£ chePfcffiife on the Bottom of fiich a Veffel; and fo the 
Sum of aH die Prefiares againft the four Sides is twice that 
upon the Bottom; and that the whole Force of the Fluid is 
^ual to three Times the Force of its Gravity. 

11. Hence we fee how very differently Fluids 9B. from 
Solids, which a£t upon each other by their Gravity only, 
whereas Fluids 9BL by Gravity, and by Freffure jointly. So- 
lids a£l only downwards, but Fluids every way equally. So- 
lids 9£k with a Force proportional to their Quantity of Ma;- 
ter» but the Force of Fluids is not according to their Qaai»« 
tty, but their Akitode only. 

12. The Quantity of Preilure on the Bottom of Veffels, 
or Planes oblique to the Horizon, is eaiily eftimated from' 
what has been faid above; for let AK be fuch an inclined 
Plane, and AE the Surface of the Water; then will the 
Preffure uponthe Points A, G, H, I, K, be as the Altitudes 
fi G, € H;. D I, E^K. If now on the faid Points we ered 
the Perpendicuhu's G^, He, iJ, i^c. tqaH to thofe Alti- 
tudes re^pedtivdy, and fuppofe the fame Thing done for e- 
very other Point m the I^ne A K, *tb evident the Triangle 
AeK wili be as the whole Preffure on the Line A K. But 
the faid Triangle is equal to AKx4^K; and fappofing 
AG=;GH = HI==:IK:, and r/ drawn parallel to A K ; 
we ihaHhave |/K3=/Kx:fH=CH; therefore AKxCH, 
will be as the total Preflure on the line AK. 

13. If A K were the Sedlion of a Plane, then the Surface 
of that Pkne multiplied by Cff, will be tjie Exprfcffioii' for 
all the Preflbre on that Plane, provided CH be the Depth 
of the Centre of Gravity H, from the Surface of Water. 
But to give a more general Theorem of the above Rule, -let 
tf, ^, be two Weights hanging from an horizontal Plane, at 
the Diftances «r, 6ifi and join their Centits by; the Lin^ 
a h^ and let x be their comih6iPi Centre of Gravity, and 3^ ^ 
its Difiance frqm tl\e Plane tr^ perpendicular tx> which draw 

qually 
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rc-aLied- by the Particle of fhe Vefifel 

ovci"^ it; ^ttd fo its Force or PreflUre on the 

) . 

i^/and^z; t\ienrinqe^a:l::ixzax, by the Property of the 
common Centre of Gravity;, and.bx iunibr Triaogkt wo 
hayti,x:l ax II x% \ xy. Therefore/! x xy/^ h x xm; 
butxyz^xo -^yo,^szx a ^^ ac j - anid xjc =£.%«'-• x-tf=^ 

hd^'XOi tiitTtfoxtiisX^x^'^iiCZSTh X hii'^xo; dat . 
h,.a X ^ir.-l- 6.^ bJ.:ss ay^^ x xo. That is in Wfir^b, 
Ti^e Produ^.jg/ the fFeights ^rmltipUii by their JPiftamces from tht 
Flame is equal to. their Summxltipliidbythi Diftance tf tlmr 
common Cenirk tf Gran>ity fhmthi Plane. . 

14. Now tm this Kojd) true in Lines and Phnes b evident^ 
becBttfe the indefinitely fmall Bartides of Lines and Planes 
may be conilder^d as very fmall Weights, and as wktt has been 
demonllratedortwo, hdds equally for all, therefore the above 
j^ole is applicable to all Sorts of Surfaces, or the Preflure ufU 
cki th^ Qottoms of VcfTels, , however po&ted tnrJigurod, maf • 
be.e»iQlyJbomp\itQd thereby. 

1$. Thus fuppofc AbGDEF reprefent m Veflel of ii 
Prifihatic Form, wh«f< Bottom is an obh'^ue triangiibt PJjinfe ™^t^ ^^* 
D.E F, in which let F G be drawn perpendicular to the Bafe ^^S- 7- 
BE,, then* if we make Fat : * G ! 2 : i, the Point * will 
be the Centre tj^i Gr^yte]^ of the Plane, and M4 it& perpendi- 
.<;i4ar PeptK from the, Surfuce .of the Flnid A B C; when the 
Veffd is fiird with Water. Now fuppofe AF =r i Foot ; 
FGsS-6 ^<e^5 E D=: 2. Ficet • CE =HG ii 5 Feet ,• and 
letthe Plane F^.c be parallel to the Sutfac^ of the Fhiid A C B. 
Thenwehave FG : F*- :: Ghlxai that is 6:4:12: 
1 -y is *« J therefore xa + « ^ =s xo z=z z\ Feet, : the 
Depth of the Centre of Gravity of the Triangle FED whofc 
Area is FGx EG = 6xi = 6 fquare Feet. Therefore 
6x24' sas 14 Cubic Feet of Water, whole Weight is t^siaX 
ti> ihe Prfciiure on the Bottom of th« Vefiel. 

16. Thus in caife of a Cyliiidric Veifel whofe Bottom is ei'* 
ther an EUipiis, a Cone, a Segment of a Sphere, &r. if the 
Quantity of the Sur^ce, alnd Centre of Gravity be f<t>und, the 
Content of the Veffcl is then kno^n by the Ruie above. 
Thus alfo if the Surface of the Side of any VeAel in any Fo^in 
or Pofuion be multiplied by the Depth of the Centre of Gra- 
vity, the Produd will be the Number of Cubic Feet, whoTe 
Weight k equal to the Preffure on fuch a Side or Surfiice. Artd 
fmcea cubic Foot of Water weighs 1000 Ounces, or 6t\th» 
Av^rdapoife Weight, the Quantity of PrdTure may bc-eaftfy 
expreisM in any Denomination of Weight, as wiU.ben\ora-pa^- 
titu^arly ihewn hereafter. 

O Bgirom 
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Bottom muft be the . fame as that of another 
Column of Particles AB of equal Altitude 

1 7. One Thing more the Reader (hould be apprized of, 
and that is the Centre o/PreJure, which is^hat Point in which. 
^ nay cionceive the wMe fVeSore to ^ cmicetitrr*d or tut- 
ted ; <>r to which if a FcToe iKrereaptl|ed eqtial to the whole 
n. XV. Pltfiiire, ando^fting in a cotttniry Oxre^on, it wodld aca&tf 
Fig. 8; Mteace or feAfunthe Efeft of fiie fr^Shre ; xa it wodd 
htep tl»Plaii^^<»dieiiwifefvee'to«Mnr^ iskEfiMimwiAiAm 
taaalFreflbrei rai^qually ^iftHbiM over all itt ^artt^ Thus 
if A«CD iie^VeftldfWmr« lad Ae Fn^flbie on the 
6ideABhe«9dal.eo^KW«iiiyI^i^ if « betkeCcntic of 
Pxeffure, and a String «i c wer^^^d vkemo gofaig over die 
PoHef ^» and iufiaininga Weight ^^(Weaff -Pounds^ then 
would ihcSide AB Utaftik EqidUbrhkff tiwfe cwo eqiaf 
and ofqpdke Pcfwers. 

ifi. Now theiCMrtf «^P;^2'^^ it the fime as the Cmitv 0^ 
Ter&^gkm, as k emdeattMm faence^ thatih the Li9t AK. the 
Fig. 5. ^percuSwe Pone df <vei>r Point A, H, % K» is im the Vebd^ 
ty, that is, as the Diflance AG, AiH» A I, A K fien dK 
Point A c#niider^d as the Toint dPSuTpeitfian. Bat thoff Di- 
. ^ ilatttes aie as the Altitudes G B, HC, 1 1>, X£, whioii are 

as the Piefioxes <in the aforeiaid Pbints t ThetefiOM finoe <thb 
Picffiisestaad {»ercnfilve Fopces kre always alike, 'the Centk^ 
^oiKBsiiuft b&ithe&ine with chatof dhe mother, biK the Ce»- 
ftie of Percuilioa ofthe liae AB isttwo Thirds of its Lesgtk 
idiftaitt from the Point of Soi|)enfion A, therefore alfo the lA- 
ihmcc of the -Ceatamf Preffuw « is ? «f the Side A B t»dow 
the Surface ofthe Water. See ^»»/, XXIX. 
Sciiot 1 V H. 
, 19. The Rea&n why a greater Force of Preflure if altow'd 
to anW)bliqtte Pkne Dr Boa<^m of a Vefiel than what is equal 
to the Gravity efihe Fiutd, is /this, that every Point in the 
Line A K is {)reis'id. wich a' ferpenMtviar and U^trat Bwct 
at the fame Time, aod by both dliquefyi and of thofe two 
dblique Fctces, or Pie£ures, one dina 'Force is compoand- 
ed, which i;i ^eater than eidier, and ails in a DtiFedkm per- 
pendicular to the Plane. Bat fince both the dbli^ Pwffnres 
are always as the Depth of the Flnid, the dircd compound 
Prefliire will be in the fame Ratialfcewift. Hence as there^is 
a greater Number of Points in the Line A K than in the Line 
A £, and eadi is prefs^d perpendiosfeilSy with a Ferce proper- 
. tippal to.the Depth, 'tis neccilary chat we eflfimatethe whde 
.Foicebythe Area of the Triangle A VK, andnotofAEK, 
93 we mttft iiare done if Fluids prefeM like Solids by their 
^ GiavJiyonly; 

. Whh 
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\?kh the Fluid : Whence the Propofition is evi- - 
dent(LVI); 

(LVI) I. thm 18 n^ihiiii in Ae Ea^ioddft oTtke H^^ 
drofiattc Pankdox di^colt to bt widcrftood, bat tht Maawr 
kow the Point M comes to bt^rdtei witk tbe fime Force ais 
thoPointB, wlMchhasthewMeHeiglitofilieFWdAofSs 
St. ^t jhb Difficidty wiU (on ipsdjOi when we oonlider iM 
thi Pre/nre imtmgtk PoKtiiles tfm FluUi a0 ike fiuHi Dfftk 
wto W^ ifUd \ tkerefbre if LH be ymSiA to tbe Jhttook 
j>£y 'tis plain theie will be tko fiune Prcflaiie npimds inc^ 
very Partide H, I» Q^^ L, ai tkeie ij^dolvawi]idb» nd e« 
very whoe as the- Altitude A I. The FMide at L tbcr^ire 
prefles upwards againft a Partide lo die Side of the Yeiel with 
a Force equal to the Wei^ of the GolaidQ of Partidce A I^ ' 
iVhidi Force is deftroy 'd ^ the efoal Re-aaioii of that Parti- 
te in the Side of the VeOel, The iame FhiU PMid6 L aHo 
prelfes the Particle inuiiediately betieadi it in the Cokmin 
M L with the £uAe Foroe^ whidi added to the Weight of thd 
Column LM makes the iame Prefluie on the Foiiit M» as 
tiiere is on the Point B.adfing from the Preffore on die two 
farts Ai + IB. 

2. If hat the PrefDire upward at die Pouit L is equal to th^ 
Weight of the Column A I, is evident from henoe» diae if it 
be removed (that is, if a fmall Hole be there made) the 
Muid will from thence be thrown up in Fontt of a j^/ d^E^u 
to the Height of T nearly « whidi b in the fiime boriidontal 
Line with ch^ Point A» or Level qf the Fbid. AM which 
Well GOQfider'd is^ 1 preiumei fuffident to ^ince that th^ 
Preifore on the PotnC M ^d en^xy other Point in the Line 
Bfi is the i^me with dut on the t^oint B. 

3. From what we have faid, *tb i^lib plain^ that the Top of 
die Ve&l C N R F is prefi'd upwards wi^ a Force everywhere 
proportional to the Altitude of the Fluid A P^ which Force of 
Prcfiure upon the wiurfe Surface is equal to the Weight of a 
l^xiy of' Fluid of the fame Bafe, and whofe Altitude is A P. 
"if he Sid^s alfo are prefs'd every where outwards with a Force 
propordonal to the Altitude of the Water, and in the £une 
Manner as they would be at the Depth were the Fluid every 
where of the &me Bulk as in the Body of the VeHel, and of 
the &me Altitude as at A. 

4. The Confequence qf this will be» .that if an Inftrudient Y^\t XV, 
be contrived with a Bottom A B and Top C D connedled with pjg. q. 
pliant prepared Leather £ F, ib as to be. Waicer-tiglit, and if 

in the IVIiddie of the upper Part at G be inferced afqiallTc^ 

O 2 * XII. Hence 
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PI. XVI. XII. Hence a ^ery ftHall ^antity of a Fluids 
^'S- ^- fij APRS, may be made to coumer- balance of be 

Gti, and Water jxmr'din (pas to i^aife the upper Part DC 
that it may iktot freely on the Surface of the contained Water, 
then any Weight I laid thereon will caAfe the Water to 
rife fo high in the finali Tube as wilf ht equal to the 
Height of a Cylinder of Water of the ftme Safe D £; and 
whofe Weight wiM be equal to that laid on ; and if another 
Weight K be ad^ded, it will raifo the Water t6 twice the 
Height in the Tube ; if a thW Weight L be.added> it will rife 
to three Times the iirft Height^andfo on. Whence it af- 
pears that iince the Bore of the Tube may be exceeding Cnmt, 
the greatel^ Weight may be fuftainM or coonterballanced by 
the leaft aflignaUe Quantity of Water in the Tube. 

5. But this Matter willbe beft explainM by Calculation and 
Example. Suppofe then DC = 6 Inches in Diameter, the Area 
ofthe Circular Sur&eewill be 28,27 Square Inches; andfincea 
Square Inch of Water weighs -^-Jo^ of an Ounce Averdupois, 
therefore a Pound will contaid ij^y Cubic Inches ; confequent^ 
ly as this Number is but half a Cubic Inch lefs than the othei*, 
*tis evident that a Cylindric Column of Water whofe Bafe is fbe 
Inches in Diameter, and Height one Inch, will weigh nearly 
one Pound; if therefore I be one Pound, the Water by its 
PrefTure will rife one Inch in the Tube i if K be another Pound, 
then I -}* K will raife the Water two Inches, and fo on. If 
the Bore of the Tube be 7^ of an Inch Diameter, the Quaft* 
tity in the Tube one Inch high is to that in the VdTel one Inch 
highj as the Square of -f'o to ^be Square of 6, that is^ as 
tIz to 36^ as I to 3600 ; and in that Proportion are their 
Weights alfo; whence 'tis plain the Water In fuch a Tubt 
Will fuibiin 3600 Times its own Weight. 

6. In like Manner we may connder how great an Eileft 
might be produced by only blowing with one^s Breath thro^ the 
Tube H G into the Veffel A B C D. By this Means, if the Di- 
MGnfions of the Vcflfel were large, and the Tube long akd 
fmall, a Man with the Breath of his Mouth might raile any 
given Weighty how great foever. Suppofe, for InHance, the 
Area of the Top D C were looo fquare Inches, and the Di- 
ibnce between the Top and Bottom A D == i of an Inch, the* 
will there be contained in the Veflel 250 Cubic Inches of Air, 
of the fame Denfity with the external Air. If now more Air be 
blown thro' the Tube into the Veffcl, it willcondenfe theinter- 
nal Air, and by increafmgits Spring caufc it to r^ife the move- 
j^le Top D E, though charged with a very great Weight. 

equiva- 
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equivalent, /^ the JVeigbf cr Ferce of atg given 
Entity T K G V, b^ great foever. 

XIII. When any Body is inunetfed in a 
FJuid, // lofes juft fo much of its IVeigbt as is e- 
qual to the JVeigbt of an equal Bulk of tbe Fluid ; 

' 7. Tliusluioethe Weight of Air preOes upon every Square 
Inch with a Force of 1 5 /^. ^as will be fhewn hereafter) 
if we place on the iaid Top DC, 1000 x 15 =s 15000^^^, 
9uid tlCei^ blow into the Inilrament 250 Cubic Inches of Air, 
it will double the Denfity of the internal Air, tadconfeqiicnt- 
ly its Spring, which will then hold the gr^t Weight in £- 
qmiibrio, and if ever fo litde more be blown in it will ratfe it ; 
, lor ui that Cafe the Air will prefs upwards with a greater 
Force than that of the Weight downwards. 

8. If 500 Cubic Inches of Air were bbwn into the Inifam* 
ment it would fii^in 30000 /^, and fo on. But in fuch Caies 
we muft fuppofe the Parts £ F fufficiently flrong tt» 
be^r fuch a Preflure from withm ; for fince the Air is a Fluid 
It prefles every Way equally. Now becaufe the Bore of the 
Tube is fmall (fuppofe the looth Part of a fquare Inch,) a 
Perfon blowing through the fame would meet with no more 
Refinance than the PreSure of the Air on the Area of the Bore, 
whiich when the Air is of a double Denfity, or when 250 Cu* 
bic Inches are crowded in, will be but /cr? of a Poumi which 
may be eafily pvercome by the Force of the Mufcles in Uow« 
ing» efpecially if we ufe a Stop-cock to fliut off the Air in thf 
Tub^ every Time we take in frefii Air to. our Mouths. 

9. If the Top of the {nilrument DC were fix*d; and a 
Wire paffine thro' the Tu))e GH were fix'd to the Bottom, 
and fufpen^ at the End of a Ballajice, then if the Bottom 
be nicely baljanced by Weights in the Scde of the other End, 
and after that Water pouc'd in till the Top and Bottom were 
feparated to their utmoftDiilance; to baUance this Water will 
require one Pound weight for every Inch in Height in the Vef. 
fel/ and it will after that r^uire onu PQun4 weighs for every 
luch t]iat it rifes m the Tub,e, which plainly ihews that the' 
Force of Fluids is always pcoportional to the Height, and not 
the Quantity of the Fluid. Note^ I have fuppofed in this Ar- 
ticje that the Diameter qf the Veflel is lix Inches, as before in 
Jirt, 5. Another remarkable Infianceof this Hydroftatic Par 
radox, I ihall give when I come to confider the Swimming of 
an heaiy Body in a lighter Fluids and which will be a verjf de^r 
Jllaftration of the Matter. Sec, >/«««/. LXI. 

O 3 but 
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but the ff^^igbi lofi ky thi Bddf is ^ait^d by the 
pluidy whieh ¥^iU be fo fnuch hcavief than be-? 
forfi (LVIL) 

(LVII) This i» the fundamental Principle of every Hydro- 

ilatic Procefsy particukriy of the whole Do£^me of Sfecifa 

Gravities ; which therefore cannot be made tQO plain and aSy 

¥kt§ XV. ^ he ucderftood. To this Eiki; le^t ABCD be a Veliel fti d 

I'ig. 10. ' with Water to the Height SF ; ml let I be » cyliadnc Iod}r 

' .(heavier than ^ater) to be innwribd tkeieiny ae at- [4. By 

4his Imncrfion of the Body I, a Quantity sf the Fluid mhesf^ 

MBqual in Bulk' to the^ Body, v^i be di^hced bv the fa- 

|)erior Force or gn^ter Gravity of thib Solid : And thl| Quan^ 

tity of Fluid aiutt alcctod, (as being confined towsirde the Bot^ 

tern, and Sides) and fo raife the Surfiiee pf the Li^or frOai 

EF to GH; and ^en will the Qtaatlqr EFGH hie e^ual to 

the Bulk of the immerfed Sdid abed, 

2. But as the Solid comes to enter the Fluid, each l^rtieto 
of the Fluid by its Vis Ineriia^ will refid ^ SpUd, or eiideqt^ 
trour to oppolit it& Defbent witli all its Power) and fo th^ 
wdide Body of the Fkid that is r^ijao^ or d^riaeed t^tho 
Bofid will refift it hy the united Fovce of all the raticlet ; Ikit 
this Force is equal Co the Gravity of th? Fluid renoved, as if 
pident from hehce, tkit die Fluid fe removed is o blig e d to 
afcend Of mtNp in a Diredliofi quite contsary to Gravity: 
WifirefUe ihe SMin i/s IXfi^nt *wii^ he rtfifiid if a ^wr iquaf 
ta the Gravity ^f an efua/ Bkik of fkf Fkid, 

3. A CoMtquenceef this will be, that, finee Adkm'aii^ 
Re-a£lio& are equal, there wilF be ju^ as- much of the Gravf- 
^ of cheddbesding Solid deftroy'd, as is eqi|al to the reni-* 
tent Force, that is, to the Gravicy or Weight of an equal 
Bulk of the Fluid. Whence 'tis et^ident that all Bodies wi- 
)][ierftd in i^luids will w^igh lighter if iufpended therein at tho 

# End of a Pakace, «faaii in the Air ; and lighter in tlie Air 

than tM Facifo^ yuhete cnly the trite, real, otf ah/okie Weight tf 
Bodies can he Jh^'-jmerkwtvn, 

4. And fince the Force which refills the Deiceat of Solids 
|s proportioned to their Bulk onjy. It follows, that equal Bo- 
dies immerfipd in Fluids lofe equa) Pqrt3 of their Weight ; and 
tJietcfore a lighf<?r Bi^dy lofcs more of its abfolute Weight, 
than a heavier one of the iaroe Bulk -. And confequcntly li 
two Bodief of nnequal Bulk are in E^uiJiirio \n the Air, that 
'Equilibrium willbe deilroy'd on their being immerfed in the 
Fluid ; becaufe that which has the larged; Bulk will lofe molt' 
Weight in the Fluid. 

XIV. In 
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Xlf. If aiiy Body £ could be Ydbnd wkhout PI. XVI. 
Wdgbt, ifwmild, if pkcd Mi the 'Efface' of a ^* ^' 
Fluid AB, floal thereon wfidui Hn^ fcart m- 

. $. 'Arirai^i; 'tis pjaip the Weight of theFkiM i»ftii|inentcd 
i^ fh^ uunelProjj^iofi, as that of the iiAhieffed Solid is (fi. 
nltfiiihttd,-^ fbrthe Force or AAloa-oCtheiniiidoatbeBoctofti 
of die VeflTd CD is before Imiircion to that aftetivauds «s 
the ^itndes CF tp CH. or to the Bulks of the fluid EFCD 
dad GliCIX Aad fmce thofe lulkr ad: only tiy their Gra* 
vj|{^, ^ plain the A{^9o.of the Fl«id k inmafed only W 
the additional Gravity ef the. Qiiaiitity GHFE, which b 
eqaal'to that>4iiefa''th^6eiidlofes hj Iknniai£o&, as was be- 
fi^ ftiewa in Art. .2. vAlT which QtfKttsSmtt yery emftfy 
by Experiments. 

6. Prom what has been premifed ure may eailly apprehend 
what is meant by Specijic Gravity y viz. that nvbicb is peadiar 
tpi am Sort fir Sfeiciu rf Matt*r'9r B^i wbe^*co0jUtfrd fr emf- 
parei ifmn ffven Bulk or MagmhuU^ as a CmUc Jmeh^ for Ift- 
f&nce.^ Thus we fay, the Specific Gravity of common Wa* 
. ieriseo iht Spedfic Gvsvity of l4ad; a* ^ Wei^ of a Cn- 
bic Inch of Water ta the Weight «f a Cubic Inch of Lead. 
And as the AhfoluU^ Wd^ht of Bodies is their whole Power of 
Gravity Iff Vaau^ f6 dieu* Rtiaiive Gravity is that which they 
have in any refifting. Medium* as Air, Water, gf^ . and is 
"eqmt to the Abiblute Weight diminilbed (?y xhc Weight of 
an eqtial Bulk of the Mbdium. 

' 7. What relates t6 the Ahfiliftt and Speafif Gravitiv^ the 
Ma^tude, Dtnfi^^ lie, of Bodies, will beft be.underfbod Plate XV. 
by qrmbolkal'ComifutatiQn; 19 order to which )et A and B be fig. n. ' 
two B(xlies of equal Bulk, but different Quantities of Mat- 
ter I and let B and 6 ^e ;two pther Bodies with equal Qju^^*^ 
ties of Matter, but of' diQbent Bulks ; 

fD=:Denfior 1 

Andkt^BsrBulk . ) i|jf th^ |k)dy A* 

CM= Qg^tity of Matter 



CD = DehfityT 
m> |j?:;z:BtiTk SiptheBo^yB. 
/ Jlf = mttej 5 



tf=Denfity' 
b == Bulk V in the Body €• 
m::^ Matter 5 
S. Then, bfcanie the Denftty of any Body is proportional 
to the Quantity of Matter under equal Bulks, we ihall have 
© : 9 -• M, : M; and,becaufe when the Quantities of Mat^ 
p 4 merfid'^ 
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mrfid -, for be^ig devoid of Gravity, if ;c6uld 
Jiayc no Force to difplace ^ny :Pyticlc# pf the 
Fluid, and finkv therein. ', , 

XV, If any heavy Body F, Ifgbier than' an ^• 
■^ual. Bulk of the JFluid^ be ^placed on its Sutfaci^ 
jt- mill Jink '-or ukfcaui ^bertin^ iiU it has remold 
0r ^ifplaced' fo mhcb of the JRuid wbofe JJ^eigjhtJs 
fqual (0 /^4f ijf Ske Body; For then the Preffure 
fjpwards • and downwards on the under S^urface 
9f fhe ^pdy ij, .cflual;. aiid. confequcntly the 
Body wrU be there quicfeent, or in Equilikrio 
with the Flmd.. Hence the whole Solid is to the 

tcr are cqunl, the Bulks muft be reciprpcally as the. Dcnfi- 
ties, therefore we- haye D \ d *.\ hi B. Whepctf X) = 

DM dh . -». 

-r^ ^ r^:i «;o»feqticntIy D Jlf J? zs -/* M. 9iai B x=:<B, 

■^n^ M;±i'fn \ therefore D B m -rzJh ^L. '^VJiciicf \ve Ji^tye 
D : i' :: i M : «B ; and B I b':: //M : D w j a^ul Nl'l m ;; 
DB!^/, ;; : . , , * _ 

.. 9. The %^'/^ Ordinty of Bodies being as the \y^|^hts, 
'that is, as the Quantities oflMatter, in equal Bulks, wiil be 

ifi the Denfity^.l'hcrcfore D :V:: S : /; and by Subftitii- 
' tion of Ratios we have the general Theorem above t>ecome 

SB/wzr^^Ilt. And fince the Abfolute Wejghts (A, «,) of 
- - ' fny two Bodies! areas the Quantities of Matter, we - haye 

S B /2 i= A s h. wherefore S^sii'At I aB; that js^^ the 
"Specific Gravities will be as the Abfgtut;e Weights djre(liy, 

and the Bulks inverfely, or as the Abfolute Weights divided 

by the Bulk?,.. .,:_.. ' • • 

10. Alfo At a :: SB : sL;. that is, the Abfolute Weights 
of Bodies are in the compound Ratio of- their Specific Gra- 
vities and Bulks. Qr the Abfolute Weight of any Body<i$ 
had by multiply ing*its Bulk and Specific Gravity together. 

1 1. Again > becaufe Bl h :: Ai : a S, it appears that the 
Balk or Magnitudes of Bodies will be a^ the Abfolute Weighcs 
iairedJy, and Specific Gravities inverfelyl Or the Magnitude 
of any Body is had by dividing its Abfolute Wf ight by its^ 
Specific Gravity, . . • ' 
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immerfid Partj as tbe^ific Gravity ^fibe Fluid 
40 that $f the Solid (LVIIL) • 

XV|. If a Solid^ as^ G, equal in Weight to an 
€qual Bulk of the Fluid j he mmerfed therein^ it 

(I. VIII) I . This Cafe Is not ffafjaiy true but in. ^ac^a s fpr pi^^ ^V* 
Ui the Air fuch a Body in9.y bt confider*\|*4s fuftam'^d in tvvo p|^ j^. * 
Medidmsy oftK, Air and Water ; ui one of whiph it will fink 
or ,deiceiid» and in the other rife. And therefore to reprcfent 
the true State of this Matter univerially, we mud raife a ge- 
neral. Theorem in.the Manner /oUowing : Let ABCD be a 
Veflel filled firft with an heavy Fluid to the Level EF, and 
from then<e With a lighter Fluid to AB. Suppofe the Solid 
X fiiftiii)*d by diofe tWo. Floids; let the Part in the heavier 
b^callM Ay and that in the lighter B ; and let the fpecific 
O^vittes of the heavier and^ lighter Fluids be as « and ^. 

2. Then fmce the Fart A difplaces a Bolk of the Fhiid 
~ .e^nal ip A, the abfolute Weight of that Bulk of Fluid wiU 
jye A a, (by 4n»oe. LVII. Jrt, lo.) and fqr the (ame Reafon 
the »bf<Ate tV^eight of a Bt^ of the lighter Fluid equal to 
B wi}l l^e B^. Let c be thp fpecifi^ (gravity of (he Solid X ; 
then the Sum of the Weights of the two Portions of the 
i^lnids mud be equal to the Weight of the Solid; otherwife 
it could not be iufUinM by them : Therefore Aa^B^z^ 

Xc t= A-f-B X t. Hence A^ — Ar =Bc — B^. Con- 
fi^iiently, A : B t: c — i : a-^c ; and compounding. A i 

3 V' Thefe two Theorems ai« thus exprefs'd in Wordj : 

I . A9 the Part of the Solid within the hfayier Fluid is 

to the Part contained within the lighter: So is tfa^ 

PiiFerence of the fpeofic Gravity of the Solid and 

lighter Fluid, to the Difference between the fpedfic 

Gravity of the Solid and the l^vier. 

.2! The Part of the Solid m the heavier Fluid is to the 

whole Solid, as the Diiference betweoi the ijpecific 

Gj-avity of the^lid and lighter Flui^f.to* the Dif. 

fereni;e between the fpecific Gravity /o£ die two Fluids. 

4, Hence, if ^ =;: o, we have A: X:i c : ai that is, the 

Part immerfffd i^ to the whole Solid, as the fpecific Gravity 

of cbe Solid to the. fpecific Gravity 0f the Fluid. And if the 

two Fluids were Water and Air, Water and Oil, or any other, 

and their rpecific Gravities given; with that of the Solid, it 

will be eafy to find the Part$ of the SoUd cQiMlin'd ^n either 

JFluid by the Theorems labove-mentioi^M* 

will 
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vnUUfke 00. Siiuation tmUfferenffy h§ any^ Pan of 
the Fluidy as at G, H^ I, 'wilbmH my Tenisncy 
to afiend or dejiend therein : For being totally itn- 
merfed, it miift remove i Parcel 6f the Fluid 
of equal Bulk an4 Weight ; and conf^c^ue^tly 
the PreXfurc Aipward$ » eqqal to the Tendencf 
d<>vmwards on the lower Surface evwy^where j 
and therefore U can have no Power to fiiilc.:.Al' 
fo the Preffiure downwards inuft* be equal* to the 
Preflure upwards on the. upper' Sbrface)» whence 
it can haive no Tendency to^ rife or fwiMj it will 
therefore reitiiin at Ijl^^. any Pofitic*/G^ J^^ 
I,: whercfoewr in the FJfuid. (LJX.) r 5 

' XyiL LAsti^y, JfyBo^ K orL,, i^eapiet 
4bm an eqiid Bulk ^jiel'FM^ ie imm^fed 
tihrein^ it tt^M defiend fy tb^ Excefs of its (Gravity 
iti^^mihat .of tbtt Fluid: Fpi;,. wjicjix iajmerfed^ 

' (LIXJ t have (Imwb, dmt while a Body is fiifj^iulid in- a 
Medvim, ks tb^at* Gravitjrii dlminHli'd by. the KefiHamce 
of the Mediam ; it is therefore only the retati^e-^x reJUual 
Gra'vtfytif iht Body that we Und in fucH a Ckfe 3 And this" 
ieing e^ua! to the DilBsrence between the 'i^eCifi6 Gravities 
of the^'Bocfy awi! die Meditftn, it is plain^ where that Dif- 
fl^reneeVanfilhes; tiiatls, where th^fpbci^ Gravities of the 
Body^and'hfedkim aM^ equal/ there the relative Gxavity will 
become Nothing ; whenee' ^eh a Body fufpended by us in 
(bch a Fl^id has «4 fti^le Weight. And this i» tlie Reafoa 
why 8 Btfekift-of "Water/ while in the Water, feems' to hayc ^ 
no Weight ;-Wau{b tl^ ipeoifie Gravities* of the Water in 
the Bseftet, and of 4te Weed of ^Backet, being the fame 
with thWK of the Water in which it'is fufpended,. there can be 
no relatnfHB Gviviiy ^ ^ Budcet of Water experienced, and 
therelbre no Gravity or W(6ight at all. The Want of confi. 
derii% this hae been llie-Oceanon of many abftud^'Pofidoiisaad 
puerile Condhifienft in Philefopt^ ; ^s ahfo^ levity, a P^- 
vuMution (f atj^eGrm/k^i *C. 

• ^ it 
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It will be pefifted by the Force <»f an eqtial Bulk 
of tiie I^td, which therefore will deftroy juft 
fo rqqch of the Gravity of the Splid^ and con* 
fcqvfntliyt the Refiduo or C4Kx:cft of Giavity in 
the S&Hd 19 that alone by which.it myft de^ 

(LX) t4 As thoTe Bodi0»«vim wluch tt« iMiqd]^ 
iJian water, as above e»laiii*d ; fi> otkers fink or dd^dia 
a Ffoidby being fpedficany kemtr, dat k, ky thieir relative 
GravlQr. Tlius, if th« %mAc Gvavity of the Sd^ be to 
tbat of tko' Fluid as 3 to 1, tken 3 — ' i =: 2' is the rdative 
Gravity by wluck itdefemds : If the fpedfic Gravities are as. 
7 to* ff, then 7— I sz 6 is the illative Gravity. Whence 
weobferve, 

2. That the Defcent of Solids in a fluid Medhmi h the ve- 
ry ftJtae #i(h tirat of Bo^es descending on an ind!ned'Plaae^ 
becaufe ki both Caies theabfdote Gravi^ is 6Bly'd9nhii(h*d/ 
by iheRffiftance <^ the Medima k^ne Cafe, and by that of 
the PitoffMs in the other } • and therefore all the Properties of tfaa 
Motien<)f a 9ddy fi41in(; fittlfy, belong to this Nlotion duropgh 
a Medium l^ewife. . 

3f. • This ithttive Gravity of Solids, by whidi they fiijjc or ttate XV. 
fwim, is uftially illdhrated by the Decent and Afcent of GhuK Fig. 13. 
Images and Bubbles included b a Jar of Water covered over 
with tt Bladder, fo as to include a fmatl Quantity of Air be. 
twMntht Bladder and Water. The Inaages, bfc. have fmall 
Holes in the Bottoms of their Feet, through which fonne ^a- 
t^r is put into their Bodies, and that m fuch Quantises as wilt 
render them bat very little 4>*cificall7 lighterman Water, but 
fpme BBore fo than ethers^ th^Eit they may not begin to move 
all together. 

4. The Images being thus put to float i» Water,, aqd the 
Bladder tied down, if the HskA be laid on the Bladder, and 
geiitly comprefles the Air beneath^ the Aur by its Spripg will 
a£t npop the Water, and caufe it to comprefi' the Air in the 
Bodies of the Images, hy whioh means more W^ter will be 
driven into their Bodies 1 and when fo ranch is got in as will 
make thein ijtcdfically heavier than the Water, then they will 
begin tt> defc^pd one after aaotheri and hy varying the De- 
gree of Preflure yoi| may ke^ them faipended h 9xxy Part 
of the Fkid asyou plea&. 

5 . It is to l>e 9bterved, thxt the Matter of which the Bo- 

From 
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From what has been premifed of die Nature 
of Fli^ids, ik will be cafy to underftand, $bsf 

dies 6f thofc image* and Bubbles are made ought to be fpep: 
ically heavier than Water, that they may fmk when GPd with 
Water, which ptberwife they codd not do : They arc there* 
fore made with Glafs, which is about three times heavier than 
Water. Alfo the Holes in the Feet ought to be very fmalf, 
left the Water fliould run out into the Air. 

6. On the; contrary; if the Jkiages were but jhII' heavy 
epQugli to,(mk(pche Bottom.^f the Jar, if then the Bladder, 
ififlead qf beii|g preis'd down, were lifted up from the Sor* 
fyce hi die Water, tbe iiit. wpal4 expand itfelf, and have a 
Ipfs Spring { and therefore -the Air, alfo in their Bodies would, 
exert its Spring,- {which is now greater than that under the. 
£iadder]^ and £|ve iome Water out qf their Bodies, by.w^ch 
means they will become fpecifically lighter than the Wfttcr; and,, 
rifp in kjto .the Top. 

', 7. The Im^e or Bubble wiUimkorfwim witbout tbr Ar^r- 
tlfice ()f It Blazer, if nicely managed; for if Care be takfa 
to have jaft {9 much Wat^r^in the Image as will render it. 
liut very little |i(gher than the Water, it will then fwim at 
the Surfaces if t)ien you pt|C it into a proper Depth, the na- 
tural PreiTure of the Fluid upwards will force fo much Water 
more mto it, as to- make it' heavier than Wat6r, and f^rem 
that Place, it will of its own Accordi fink dow|i to the Boti> 
tpm» .Whem:e it appears the fan^e Body wiQfink or fwin^ 
in the {amc Medium, according to the different Circumftan- 
ces it is under /rom the Medium, and not from any Thing 
in itfelf. .... I 

8. tf any Veflel AB be fill'd half full with fait Water to | 
C, and a Bubble at B be made -juil heavy enough to itnk \ 
thereii;! (q the £k)ttom ; and after .that an Image at C, having | 
fo much Water put into its Body, that when the Hole in its 
Foot is feal^d qp, it Ihall be juft light enough to fwim in 
the fai4 ffilt XVater* Things being thus prepared i if fp iiiucl\ 
hot freih. Ws^ti^r be put iptp the Jar AB as will ^1 it to the 
Top, the. Confequence wiH )7e, that the Fluid being now 
lighter, will not fuiUia the Image C which will fkik tp the 
Bottom J and the Heat of the Water will rarify the Air in the 
Bubble B, by which means the Water in it will be in part exT 
truded, and the ^Bubble thereby becoming lighter, will dfe to 
the Top. Thus by this Artifice, the Image and Bubble wiil- 
fpontaneoufly (as it were) change Places; which pleaiant Ex- 
periment, or Hydroftatic PrdWeiri, ^s firH propofed by ^t. 

the 
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the light ^ Body P may be diprefs^d in the biMtifi 
Fluids by any Contrivance to keep the faid Fluid 
from preffling on the under Surface of the light 
Body^ by which means only light Bodies are 
made to fwim. Thus Cork or Wood will abide 
at the Bottom of a Veflel fill'd with Quick* 
filver. 

Aoaik: On the other hand^ th^ hem^ifft Bo^ 
M nu^ be made to Jwim in the Ughteft Fluidy by 
keeping the /aid pluid from pr effing on its upper 
Surface^ by means of the Tube N O : For when 
by this means it is immerftd fo deep as to keep 
off an equal Weight of the Fluid, the PrefTure 
then of the Fluid afting upon its under Surface 
upwards will be equal to the Weight of thd So- 
lid tending downwards ; and therefore if the So- 
lid be funk ever fo little deeper, it muft fwim 
by the fuperior Force or Preflure of the Fluid 
upwards (LXI.) 

John Cafweil, Aflronomy Profcifbr at Oxford, near 40 Yedn 
ago. 

(LXI) Thus fdr InOance, if the Body M b^ 5 tim^s 
heavier than Water of an equal Bulk, and if by means of 
the Tube N O, placed oh its u|>per Suiface, the Water be 
kept from preffing thereon, that it be immerfed to 7 tines 
its Thicknels beloW the Stir^Crc of tht Water, *tis plain the 
'PfeiTure on the under Surface upwards will be as 7, but 
downwards only as 5 ; and therefore fince there is the Excels 
• of two Degrees of Preflure upward, *tis plain the Body can- 
not defcend{ but may very properly be (aid to fwim on the 
Water, and this will be the Cafe of all Bodies, however 
large or heavy, if placed at a proper Depth in the Water, 
with the above- mention^ Circuroftances. 

2. But what is moft remarkable, and at the fame tifne 
Ae deareft Proof of the Hycfroibtic Paradox, is, that if the 

Hen'ce 
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HikclE ttlib theReafonof /i7%./^e Offermi 
<irM)itys DiMjlfyy cr Strd^tb (as it is cofnctioitly 
cail'd) $f divers Fluids cr Jj^irituoHs Uquon tjf 
the HYt>R6MXTBk erWmp^¥^i^i For, frnce 
die ft^cng^ an)r Flmd k, did greater wiU be its 
RdSftince to aiijr Solid immerfed^ 'tifc evident 
the Hydrometer cannot fink fo far into the heavy 
«tf* RrMig Fluids, as into idtofe Which am lighter 
or weak^. The fevewl Deg«es of Scrcngth, 
Idieftf6fe, lire eafdy fhewn by the graduated Neck 
<A this inftrumeiit fLXIt) 

Body M i>e hflmeiM to tke Deptk of io dmis its TUcknefi 
below die Sorfece, with a Tube to keep off' the Water firom 
Its upper Surface, then whaterer be the Form Of the Tub^ 
ftpWMiy Wiitjer pourM itieo the fame will in all Forms 
thereof, at the Aldtude of 5 times, the Thicknefs, make the 
t^reffiire on the under Sixr£ice Upwards and downwards equal. 
Mid eodS^quently^ if the Altitude b« eter fo Uttle increaied, 
th^ 9ody win delcend. B'the Body be knitierred to a Depth,' 
equal to 1 2 times its Thicknefs, then the Altitude of the Wa- 
ter pour'd in mufi be equal to 7 times its Thic^knefs^ because 
7+5 = 12, and fo on in all other Depths, let the Veffcl 
M O be ever fo great or fmall, provided its Bafe be equal ttf 
the Suffece of the Body ; the I^eflure of the Water pourM 
in being proportional to the Altitude only« and not at all to^ 
the Quantity diereof. 

(LXIi) T^ Hydrometer is one of the rndft o&ful In- 
^nunent^ of the Philosophical Klind; for dio' the Hyttrofiatic 
Balamt$ be the aioft geneial InflEnunent for iuiding the fpecilc 
Gravities of all Sorts of Bodies^ yet th^; Hydrometer is bell 
fuited to find thofe of .Fluids in pnticular, and with the grea- 
teft jBafe, Conveniency Bad Expedition^ as will appear from 
the fblk>wmg Account; and Defcrijption ^hereof. . 

z. This Inftrument confifls of four prindpal Parts, nmt, 
(i.) A large round hoUow Ball or Sphere A.B CX) whifh 
is made of Ivory, Glafi^ or Metal, as Copper, Brais, feiV. 
(t.) An hollow Glafs-Ball E C, of a fmaller Size, partly filled 
i^di Qgickfilver forew'd on to die low^r Part of the &irmer. 

The 
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The Hydrostatic-Balancb is alfo an In*- 
ftrumcnt invented on the fame Principle. By it 
wt hofoe a mofi ufeful and reaij Method of finding 
the various comparative or fpecific Gravities of 
Fluids and folid Bodiesy to the Iqfi D^ee^ Ac- 
csiTOfyi eipecially in the New Struffire and Me- 
thod of lifing it J as repreiented in Piatt XYI. 
Fijg. 4« ThePartsof which are as follow ^ AB» 
the Footon which it ftands; C D^ a Pillar fupport-^ 
ing a otoyeahle Brafs Plate £F, ^ftenM theitto 
by the Screw ia the Knob e. In the End of this 
Plate, is fix'd an upright Piece IK, fupporting 

in (ffder to render it but little ijpecificaDy lighter tban Water* 
that it may nearly &dk iir it. (3.] A long GoiU item or 
Shank A F frc*d into it On the upper Part, which by its 
Weight caiufes die Body of die loftnunent to iekad m the 
Ffaxid widi hut of ti« &id Stem. (4,} A finall Weight F» 
fcrewM on upon the Top of the Stem or Wire A F, to caafe 
the Inftnxmtnt to fink fo far» chat the Surface of the Flmd 
may always cot die Stem m its middle Point G. 

3. Tho' the above be the uTual Strodute and Compofi- 
tion oiF this Inftnunent, it is certainly not th^ befti for if 
the Body or Globe A BCD be of Ivoiy, it will imba>e part 
of the Liquor, and fo its fpecific Gravity wiH be altcf^d, 
and confequendy the Experiment cahnot be juf!. If it be 
of Gla6, it will be flribjed td break, and wiU fland in need 
of Screws, SoMer, Leather, (^c. to make tht Farts tight, 
which wiU be found alfi> both Inaccurate and inconvenient. 
The beft Way dierefore is, to have it made of Metal, <v/k. 
of Copper; with a Brafi Stem above, folderM on; and a 
jBhrais Bm below to fcrew on with a very nice Shoulder; then 
every Part will be durable, and ytrf iecure from any Altera- 
tion of its Weight. ^ 

4. When this Inilrument is fwunming in the Liquor, the ' 
Part of the Fluid dif{^ced by it wiD be equal in Bulk to 
the Part of the Inftromcnt under Water, and equal ia Weight 
to the Weight of the whole Inftmmeni. Suppofe the Weight 
of die Whole were 4600 Grains^ then 'tis evident we can 
by this means compare together the different Bulks of 4000 

another 
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Another Plate GH, which Aides bacWards knd 
forwards thereon, and is moveable every way a- 
bouft it. In the End of this Plate, at H, is fixM 
(by a Niit berieath) a Wire LM, tap'd #ith a 
fine thread from one End to the othcr^-, iipoti 
this moitt^ tilt Swan-Neck Slip of Efafs N G, id 
which a very exaft Balance is' hung at the P6fnt 
N; to one of whole Scales P is appended the 
heavy Body R, by a fine Horfe-hair or Piece of 
Silk S : The Weight of the ftid Body R in file 
Air if e^prefs'd by the Weights pvft ihtd the 
Scale Q>to make ah Eqtiiffbrim therewith, which 

Grains of various Sorts of Fluids* For if the Wejgltt F be 
fuch as ihall caufe the Hydrometer to fink in Rain Iraitr^ tUl 
its Sur&e comes to the middle Point of the ^te'm G ; and 
if After this, it be immeffed in common Spring PFaier, and 
' (he Surface obfervcd to ftahd V^ of an Inch below the mid- 

die Point G, 'tis evident that the fame Weight of each Wa- 
ter differs m Bulk only by the Iflfagnitude ofone Tenth of an 
Inch in t^eStem. 

5. Now fuppofe the Stem were. 10 Inches long, and 
weighed 100 Grains; then every lothof an Inch would be 
I .Grain weight, and fince the Stem is of Brafs, and Brafs is* 
iibout 8 ttmes helavier than Water, the fame Bulk of Wa- 
ter will be ec^al to 7 of a Grain ; and confequently to the 
•J of ?^%o Part, that is a 32ooodth Part of the whole Bulk, 
which is a Degree of Exaclne^s as great as can be deilrM. 
Yet the Inftrument is capable of ftill greater, hy making the 
Stem or Neck to confid of a flat thin Slip of Brafs, inH^ad 
6f brie that is round or cylindrical: By this means we in- 
treafe the Surface, which is the mod requifite Thing ; and 
diminiih the SolicTity, hy which the fnfttument is reqdcr'd 

.. more exac"b. 

6. In order to adapt this Infirument to all Sorts of Ufe^v 
there ought to be two different Stems to fcrew on and off in 
a fmall Hole at A. One Stem fhould be fuch a nice thin 
Slip of Brafs, or tather of Steel, like a Watch-Spring fet 
ftrait, as I have juft mentton'd, on one Side of which ought 
to ht the fcveral Marks, or Divifions, xk which it will'fiillc 

being 
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b^ing deftroy'd by immefging the Solid In the 
Fiuia TV, coritain'd in the GJafs WV, is again 
reftored by Weights put into the Scale P. So 
that the TVeighis in the Scale Q compftred with 

in various Sorts of .Waten, as RaiH-Water^ Rinjer-Water^ » 
Spring-Water^ Bea-ft^ater^ S alt -S fring- Water ^ Sec. And OH 
the other Sideyoa mark the Divlfion to which U finks in va- 
rious lighter Flmds, as ftpt-Baih-Watir^ SHfioi-Water, Lin- 
C9fhb'Watir^ Cheltenham-Water, Port-Wine^ Mountain^ Ma- 
deira, and various Other Sorts of Wine. But in this Cafe, thd 
Weight F on the Top miift be a little Icfs than before, whed 
it was uftd for the heavier Waters. 

7. But in Cafe of ^ trying the Strength of fpirituons Li- 
quon, a common cylindrip Stem will do bed, becauie of its 
Strength and Steadinefs j and this ought to be fo contrived^ 
that when immerfed in what is call'd Proof-Spirit, the Sur- 
face of the Spirit may be upon the middle Point G, which is 
eafily done by duly adjufling the fmall Weight F on the 
Top, and making the Stem of fuch a Length, that when 
immerfed in Water, it may juft cover the Ball, or rife to A ; 
but when immerfed in pure Spirit, it may rift to the Top at 
F; then by dividing the upper and lower Pafts G A, GF in- 
to ten equal Parts each, when the Inftrument is immerfed 
into any Sort of fpirituous Liquor, it will immediately ihew 
how much it is above or below Proof. 

8. This troof Spirit confifts of half Water, and half Al- 
cohol, or pure Spirit, that is, fuch as whei) pour'd upon Gun- 
]k)wder, and fet on Fire, will burn all away, and permit the 
Powder to take l^'ire, which it will, and Hafh as in the open 
Air. But if the Spirit be notfo highly reftified, there will re- 
main fome Phlegm or Water which will make the Powder 
wet, and Onfit to take Fire. Thb Prodf-Spirit of tkXiy Kind 
weighs feven Pounds twelve Ounces fef Gallon. 

9. The common Method of fhaklng the Spirits iii si Vial, 
and by raifing a Crown of Bubbles, to judge by the Man^^ 
ner of their rifing and breaking aWay, whether the Spirit be 
Proof or near it, is very precarious, knd capable of great 
Fallacy. There is no way 10 eafy, quick, certain^ and phi* 
lofopfaiical as this by the Hydmmeier, which will demonftrate 
mfallibly the Difference of Bulks, ^nd cor.fequently fpeci£cf 
Gravities, in equal Weights of Spirits, to the 30, 46, or ^m 
thoufandth Part of the Whole, Which is li Degree of Accu- 
racy« beyond which nothing can be ddir'd. 
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tbvfe in the Scale P» Jhew at enee'tbi ^edfic Gra- 
vity of the' Solid R to that of ike Fluid TV 
(Lklll.) 

(LXIII.) The Reafon why I have given no Account or Fi-' 
gure of the Common Uydraiatic Balance, 19, beomfe it. is e- 
very; where to be found in Books of this Sort; but prihct- 
pa41y, iaecaufe I would advife Gentlemen to the Ufc of that 
exhibited in the Ledlures, which they wiH find far more ex- 
peditious and ^xad, and therefore much better fitted to an- 
Iwei the End of fuch an Infii-ument. For this Method of 
fufpending the Solid to be weighed, by a Horfe-Hair, or 
fine Silky requires not the large he^vy Glafs Bucket (as in 
thcCem^aon Bydrofiatic Balance ) Xa findf the f^ecific Gravities 
of Solids ; or the heavy Glafs Bubble to find thofe of Fluids ; 
and therefore the Weight being reduced, the Balante may 
fa>e fnialler and nicer, and consequently fuch as \r& turn with 
a lefler Difference of Weight. 

£. The different GFavities of Solids being firft compared with 
that of Water, are then eafily compared with each other; 
for let S be the Weight of one Solid, s the Weight of any 
other, and W thfc Weight of Water, all of equal Bulks; and 
let S:W::5:i, and iiW::;:!, therefore 5W — S, 
and 7W = j; confequently S: i ::5W:7W::5:7; that h, 
the ipecific Gravities of the Solids S 2tnd j are as 5 to 7.; 
And in the fame Manner the fpecific Gravities of Fluids arc 
compared, being firft compared with that of any one Sblid. 

3. As the very Notion oi ffecijic Grainty implies Com- 
parifon, fo there mufl be fome Sort of Body fix'd upon, whofe 
Gravity muft be made a Standard 'for the Gravities of other 
bodies of equal Bulk to be compared with. This Standard 
Body muft have two Properties; firft, it maft be cafy to be 
had or come at upon aU Occafions; and, fccondly, it moft 
be of a fix'd unalterable Nature, or at all Times the fame,' 
that there may be no Variation of its Gravity in equal Bulks, 
in different Times or Places. Now 'tis certain fiich a B^y 
muft be of the Fluid Kind, becaufe the beft Way of findv 
ing fpecific Gravities is by Immerfion. 

4. Among Fluids there are none which promife the Re- 
quifites for a Standard fo fairly as Water. Yet here we find 
various Kinds, and of different Gravities, and none which 
are quite unexceptionable. Rain-Water is the moft fo of 
any, (but this is not always at hand) its fpecific Gravity be-' 
ing fo nearly always the fame, that could it be always had, 
it would anfwer aU our Purpofes very well. However, tMi^' 

The 
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l^HE fpecific Gravity of Fluids is readily de- 
termined by weighing one and the fame folld 

mon 0^aferi by tacans 6f the Hydrometer, riiight be always 
made a Siaifidard in the following Manner. 

5. Let there be a Qoantlty of &dt dUTolved iii Spring- 
Water, to give it a Body or Denfity, a tittle greater di»i 
any WateJr of that Kind can be fuppofed to have natu- 
rally.. Then let a very exaA Hydrometer be fet K> 

•Host thereb, and obferve at what iKvifion of the Itfcck 
the Surface of the Water Hands; and that will be the Point, 
to which the Hydrometer ought to fink in the Water de- 

.fign'd for thefe Experim'ents, ^d which it may eafily be macie 
to do by the Solution of Salt therein^ dr a Mixture of Salf- 
Water therewith. And a better Method than this^ for prtf- 
tapng a StanJarJ fluii/, I am not able to think of. 

6. Hy this Method 1 only propofe to fix a Standard ibr 
Very nice Enquiries; but for common VCcs^ commm Wattr 
Will do, whofe Gravity muft be reprefented by Unity or r, 

' Or, (in cafe of conftruAing Tables with great Accuracy) by 
1^000, where thrfec Cyphers are added to gifre room to ex- 
gfefs the Ratios of other Gravities in larger Numbers in the ^ 
TaBlc. In doing this, we have a tNvofold Advantage; the 
firft fs, that by this Means we can exprefs the fpecific GrtL- 
vities of Bodies to a much greater degree of Accuracy and ' 
Exadnefs. The 2d is, that the Numbers of the Table do 
alfo exprefs the Ounces A'verdupois contained in a cubic Fodt 
of every Sort of Matter therein fpecified, bec?iufe a cubic 
t*oot of common Water,' is found by Experimeat, to weigh 
very nicely 1 000 Ounces. 

7. Now an Ounce jk^erJtpois Weighs 437I Grains; and 
an Ounce TV^* contains 480 Grains, therefore the Averihtpoit 
Ounce is to the Troy Ounce, as 4374 to 480, or, as 51 to 
56 nearly. The Averdufou Pound is to the Trirf Pound as 
43 7i^ 16=^7000, to 480 k i2=:576oi that is, as 17 to 

■ 14 nearly; {<i that a cubic Foot q{ Water weighs 62 |/^. 
A^erdupois, and nearly j6lh,Troy. And hetice it is that fuch 
a Table becomes fo ufcfiil in the Solution of various Phyfical 
and Mathematical I^roblems, and Science of Geometry, ex- 
tended by Hydroftatic Principles. 

$. From what has been (aid, notliing can be cafier to be 
uncferftood, than the Method Or Praxis of the Hydroftatic 

"Balance, for finding the fpecific Gravities of all fucb Solids 
as arc heavier thafi Fluidis, and will finjc in them^ but #or 

' thpfe whieh are liglitcr; as Wood, "Cork, istjt, • and wiff *t 
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. Body in them feverally ; for fince wc fuppofc the 
Balance in Equtlibrio with the Body fufpcnded in 

be totally immeifed, a difierfnt Metl^od XDuft be taken^ i<z;/z. 
the lighter is to be connedled to an . heavier^ and To both to- 
gether to be immeded into t^e Floid, as one compound 
Body, and its ijpeciiic Gravity thus determined ; then having 
the fpecific Gravity of the heavier Body, and of the com-' 
pound, that of the lighter Body will be eaiily found. 

9. For fappoietaa Piece of Copper, weighing 18 Grains, 
be tied a Piece of Elm Wood,, weighing ic Grains, then 
will the Compound weigh 33 Grains: Again, fuppofe this 
Copper alone in Water weighed 16 Grains, and the Com- 
pound only 6 Grains ; the Lofs of Weight in the Compound 
will be 27 (= 33 — 6) which is the Weight of an equal Bulk 
of Water: If from this we fubtrad 2 (the Lofe of Weight 
in the Copper, and Weight of an equal Bulk of Water) the 
Remainder 25 will be the Weight of a Bulk of Water, e- 
qual to that of the Elm. But the Weight of the Elm was 
1 5 Grains : The fpecific Gravity therefore of Water is to 
that of Elm- Wood, as 25 to 15, or, as i to 0,6. 

10. Another Way more finiple to find the fpecific Gra- 
vities of light Bodies (without tying them to heavy ones) is 

PI. XVII. as follows, A BC D is a VelTel of Water, in which is placed 
Fig. I. a fmall Pulley E, on a Foot F; G is a light Body floating 
on the Surface of Water ; H I is a Balance, I E G a Horfe- 
Hair going round the Pulley, and conneding the light Body 
G to the End of the Balance. Now let the Veffel be placed 
in fuch a Manner, that the Body G refufing to go under 
Water, may draw the Balance H I out of an horizonta:^ Po- 
fition ; then iuch a Weight L, placed in the Scale K, as will 
draw the Body G under Water, and reilore»the horizontal 
Pofuion, or Equilibrium of the Balance, will difcover tl\e 
fpecific Graviqr of the Body G. 

11. For fince Bodies afcend, as well as defcend, by the 
Differences of fpecific Gravities, or relative Weight; 'tii 
plain the Weight L, that detains the Body under Water, 
gnuft be equal to the Excefs of the Weight of the Fluid, a- 
bove that of the Solid under equal Bulks, and therefore the 
Weight L, added to that of the Body, will give the Weight 
of an equal Bulk of Water and of courfe the fpecific Gra- 
vity. For Example, let the Body G be a Piece of Elm- 
Wood weighing 36 Grains, and the Weight L fufficient to 
detam «r keep it under Water, will be found equal to 24 

^Grains/, jhcn 5^6+ 24 == 6ps?; the Weighc of Water, equal 
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the Air, the Equilibrium will be dcftroy'd when 
the Solid is imtnerfed in the Fluid, and muft be^ 

in Balk to the Elm. Confeqaently the .rpeQ4c Gravity 0/ 
Water is to that of Ehn, as 60 'to 36, that is, as i to 0,6 j 
fhe fime zfi was found befcnre. Notg, The Weight of the 
Sc^Ie K mud be added to the Weight L, becaufe 'tb allthq 
Force upon the Point H that keeps the Body under Water. 

12. There is yet another Way, and that a very good one, 
for finding . the fpecific Gravities of fuch Liquors as will not 
mi^c with each other, as Water and alJ Kinds of Oil ; it is 
thus : Let A B C D be a Vcffel of Water to the Height EF, p| XVII 
and GH a Tube dipt in Oil firft, for the Oil to rife a fuf- pj* ^ * 
ficicnt Height therein, when the upper Orifice H is to be ^' ' 
ftdpp'd clofe with the Finger, and thus knmerfed into the 
Water of the Veflel ; therj the Finger bemg taken away, the 
Oil willfubfide and ftaod at the Altitude G I in the Tube. 
Kow fince this Column of Oil is balanced or fufiain'd by 4 
Column of Water of an equal Bafe and Altitude CF, and 
Hie Denfities of Fluids are reciprocally as the Bulks, the 
(jpeciiic Gravities (which are as the Denfities) will be as the 
Bulks; that is, the Altitudes reciprocally, (becaufe the Quan- 
tity of Matter is the fame in both) therefore if G I = 100, 
and C F = 87, the fpecific Granty of the Oil will be to thae 
of the Water, as 87 to* 100, or that 'of the Water to that 
of the Oil, as 1,000 to 0,87. 

1 3. In like Manner, if A B C D be a long Tube with a 
little Mercury pour'd in to a fmall Height i r,^ and then t 
finall Tube a e, open at both Ends, be put into it ; and hit- 
ly, if Water be pour'd into the large Tube upon the Mercury 
to the Height of 14 Inches, it will by its Preflure raife the 
Mercury to the Height h of one Inch in the f^udl Tube above 
the Sur^e of that in the large one ; wh)ch fbews that the fpe- 
cific Gravity of Mercury is to that of Water nearly as 1 4 to i . 
As will appear by the Experiment if accurately aiade. 

14. Chicemore; another Way, which in feme Cafes majp 
do very well, to find the fpecific Gravities of any dififerent 
Liquids, is by means of a recurved Tube A DG, in Wlikh if 
Quickfilverbe pourM firft to fill the Bottom Fart, and then 
one Liquid into one Leg, and another Liquid into the other 
Leg, in fuch manner that they prefs on the Quickfilver on each 
Side equally, which will appear by the Surface on each Side 
being in the fame horizontal Line C E ; then will the fpecific 
Gravity of the Liquid in the Leg AC b^ to that in the Leg 
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then r^lored Id/ Weights put into thit Scale ta 
vhich die Body is appended. Thefe Weights 



£ d, astHe Altitode of the latter E iF* to the Altitude of th^ 
iEi;ir;ner CB. ' 

15, By the Table of (pacific Gravities it appears that Gol4 
is the heavieU Body in Nature, and that Mercury is next to k 
iQ Gravity ; and conf^quently Gold only will fink in Merqury ; 
therefore by weigl^ing Gold in Mercury and Water, the ipcr 
cific Gravities of thefe two Fluids may be determined by the 
Hydroilatic Balance : But fince Mercury will readily adhere tq 
Gold, it will create us fbme Trouble in getting it oS again, 
which muft be done by Fire^ or J^ua Fortis ; as the latter is 
l^ot always at hand, *tis common to put the Qold into the Fire, 
^ttt Care mud be taken not to put it into 2^ Coal Fire», be^i^ 
the acid Spirit of the Sulphur will le^en the Cohefion of tK^ 
Particles of thc6old, and fo renderijt yqy brittle, and apt tq; 
break, efpecially when laid on acpld^tone to cooU the bei| 
ivay therdfore to £nd the 4>eci£c Gravities of thefe Fli^ids i^ 
that above dire^ed in ^. 13. 

.16. A TASLR (tf SPECIFIC GRJFITIES. 

Of METALS, \ 

Pine or pure'GoId, 19*640 ► 
Gold of a Guinea of Georgelh ^ 1 71^1 50 

Gold tf a Moidorc, iJ^HO . 

Silver fine or pure, 1 1,091 

Silver of a SUUiAg qf Gterg^ IL . 1 0^000 

Lead, lOjiJp 

Copper, 9,000 

Brafs caft, 7*850 

— wrought, 8,000 

Steel tempet'd 7? 7^4 

Iron, 7,645 

Tin, ' 7,550 

17.^ MINERALS, ORES^ Zee. 

Copper Ore, 3,775 

Lead Ore, 6,800 

Bifmuth, 9,700 

Turbith Mineral, ^^235 

Antimony from Germafy, 4,000 

■ ' ■ from Hungary, 4)70Q 

SpelteT, 7,065 

will 
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Will federally ^xpstth . the Gmvides of an equid 
Wk of the rdpeftiflme Fluids.;, and cQnfequeotfjb 

' i8. STONES, FOSSILS, &c , 

AdaiTiant or Diamond* 3«4o? 

A Pftudp-Topaz, • 4,276 

A Pr^udo-Hyacinth, zfil^ 

A PKudo-jifper, '' 2,666 

A B<iftf^an Granate, 4»36o 

Sw^ Granate, 3>97^ 

Qny:i-Stone, 2,5 id 

A Cprneliany 2,568 

An Snglijb Agate, 2,512 

Turcois Stone, 2,50^ 

SjMrdrachates, . 3,59s 

A golden Marcafite; '4,599 

KocK Cryftal, 2,659 

Ifland Cryftal, , • ^$7^0 

L^pi^ NephridtuSy . 2^994 

Lapi^ Lazuli, ' 3»oS.4 

Lapis Haematites, '^^^ 
Lapis Calaniinarit) . . . *5,ooo 

Lapis Jadaicas, ^^SOp 

Lapjl^ Manati, 2, 2 70 
4^api3 Amianthus, or Ajfbeftosfrom WaJkf^ 2,9 1 3 

]'" ■ » ditto, from Italy, 2,^^ 

Ch^ of tl^e common Sort, 2,666 

'Flin^, 2,54i 

Black ItaliaM Marble* 2^*704 

White Italian £tto, , '2,707 

A fine Marble, 2,700 

. Another £tto of Italy , a, 7 18 

A pellucid Pebble, 2,^41 

A Selenitis, 2,^22 

Mundick, or Gold Spar, 4fl43o 

Kidney Stone, 3*600 

Blue Stone, ^>74o 

Star Stone, 3945<^ 

Hard Paving Stone« 2,460 

Burfird Stone, 29O49 

\.A.la|)after, i>875 

Jlag- Stone, ^*47o 

P 4 * they 
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they may- thus be compared with each othcr^ or 
all of them with the Gravity of common JVuiin^ 



Rottcff Stone, 


1,980 


Copperas Stone, 


2^S7p 


Slate/ 


' %74P 


Oa-Stone, , 


Zri^O 


Ai^ Hone, 


2,3^B 


Cliina, 


^,276 


piece of Brown Stone Bottle, ' 


h77'j 


Piec^ of White Stone Mug, 


^,250 


Talc, 


2,657 




2,780 


r— of Jamaica^ 


3,090 


Armenian Bole, or Earth, 


2>727 


Common Sea Coa), 


^,300 


Magnet, or Loadftone, 


1,840 


^\ti:j^oi Stonehenffe^ very hayd, 


2,618 


— ditto^ ofa fofter Sort, 


?,5oo 


Bnjlo/ Stone, 


?iS»^ 


19. JNIM4L SUBSTANCES, 


Bone of an Ox, 


1,656 


ivoiy. 


1,826 


The Tip of a Rhinoceros's Horn, 


1,242 


n — ' — of an Ox Horn, 


1,840 


' ofa Stag's Horn, 


^^^7S 


' Calculus humantts. 


1,700 


pittci 


1,240 


Ditto, 


^433 


Ditto, 


1,660 


Oyller Shell 


2,092 


MurexSheU, ^ 


2,590 


A Cockle Shell, 


2,520 


Mother of Pearl 


2,480 


A Piece of hard Fifli Skin, 


1,621 


A Piece of dried Flelh ofF'jfh, 


.1,129 


The Quill Part of a Feither, 


1,330 



20. VEGETABLE SUBSTANCES. 

Dry Box- Wood, 1,030 

Dry Oak, o,9*5 

Pry Elri, o,6oa 



9& 
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as ufiKtl, and difpoied in a proper TkUr; cm- 
king that of Water 1,000. 

0iy Afli fippy, 1 0,734 

DiihrmoK dry, about the Hezxt, 0,845 

Dry Maple, . 50,755 

Dry Fir, o»54^ 

Dry Cedar, • ' o,^ee 

Dry Walnut-tree, ' 0,63! 

Dry Yew, . . ,1 0,760 

Beech meanly dri^, 0,854 

Crab-tree meanly dried, • 0,765 

Ligniim Vita, >>527 

Lignum Nephriticosi, 1,200 

Lignum Aloes, . '»777 

Lignum Brazilicum, ' lyO^d 

lignnm Rhodium, t -1,125 

Lignum Afphaltum, ^^4<79 

Lignum Guaiacum, -^933f 

Safiaihis Wood, 0,482 

Red Wood, 1,031 

Red Santalum Wqo4, f , 1 28 

White\D£r/», - «*04i 

* Citrine D///0, e,8«9 

Speckled Wood of Ftrpma, 1,313 

^afticWood, -Oj^49 

Ebony, *>>*77 

Cdric, 0,240 

Good Wheat of the laft Year, 0,757 

White Oats, 0,47* 

Blue Peafe, 0,795 

White Peafe very dry, 0,807 

Barley of the laft Year, . 0,65s 

Malt made of the fame, • 0,485 

Field Beans very dry, 0,807 

'Wheaten Meal uniif]^, 0,495 

Rye Meal uniifced, 0,454 

Wood-Aihes, 0,930 

21. MISCELLJN^OUS SUBSTANCES. 

Amber, IJ040 

Jet, 1,238 

. Bcq^oar Oriental, 1,530 

■; • ■■'" ) - Ocddentiil, »»500 

^ulphur Coqunon, 1,800 

In 



-Ik -die .fimc Maiijwr, Jf dto^rs SiiMsMit, firik 
weigh'd in Air, and riicn.aftcf,ward* imnofl^^fed 



(slpbor Vivum, . - > r.i^/^o^ 

Wppi petrified, ,'/:r.:hH\ 

CcwARcd, /.:?^« 

i l l M. f ! . White, . . : . 9f5^ 

Ottldlachates, *,• , . ^»6.<;s 

Cinqabar Natural, . 7>^<)9 

%^i. . .i Artificial, 8,.ap# 

9 of Antimony/ : . 6,044 

The reputed Silver Ore of WhaUi^ 7,464 

The Metal thence cxtra^fii* l»»o8.T 

Ccnife, , Sf.n^ 

Tartar Conunoi^ < . h^i^ 

». i . . i- Emetic, ^tH^ 

tjfi.4 Vitrioli, J ' *>29^ 

Crpwn of Tartar. \ ^ . '»»900 

Caw^hirc, Pf995 

Mcijcury Crude, ^3«i0l 

;> . .<^i Diftilled once, ; 7 ^SiSTP 

iiii.ii Sublimed 5 1 1 Times , . . , 14,1 ip 

Glilfs of Antimony, . .5**?^ 

yritXJDl of Dantzifif, ' ^. . : JsJlS 

(ij . n, *> Englijb^ ., i;i?po 

HMOi W hite, , l,9P?> 

^^-i^Prunel/it, .-. // . ..: ,. .. : ^f^4? 

*^ falychreftum^ ^^4^ 

f^ Ammoniacum, * '^1455 

>^ Mirabile Glattbiri^ , ,Z%?^ 

Srftof Hartftiom^ . i i,49(5 

jSak of Vitripl, , ,:. ».49PP 

QoODTragacanth;! .\$^yi 

Vertigreafe, " ' ' *.>7H 

'Ophfen, »,3A3 

Litferge of Gold, 6,000 

--Ui— of Silver, ^44 

Beirf-Wax Yellow, -^960 



in 



.H Y 9 ItQ, ST A T iCi. 319 

lit tlftrf^idw.' Fioi^, as Water,' for Infhiocp, the 
Equilikrittm will be dc&:oy*d} ivhich iwUl be re-r 



Bef« Wax White, 

Pitch, 


- 0,865 


Tuttx, 


4.61S 


Honey, 


I.450 


Rofin, 


1,100 


Craffamentum of the human Blood, 


.1,126 


^#riMa of the human Blood, 
Pkce of petrified Bone, 


1,030 


i>«95 


22. q^ FLUIDS. 




Rain Water, 


; 1,000 


Drftili'd Water, 


' 0,993. 


W;eU or Spring Water, 


9.999 


River Water, 


1,009 


«cA Water, ' 


1,030 


\Jpia Fortis^ 


• 'IV300 


Oil of Vitriol, 


1,700 • 


Oil- of Clove-GiHifloivers,; 


^»<^H 


Oil of Amber, 


0,978^ 


Oil of Anifeed, •- 


0,994 


Oil of Caraway-feed, 


0,940 


Gflof Linfced, ^ ,^ . 


0,932 


Oil of Mint, . 


0,97s 


Oil of Olives, 


o,9i« 
o,88S 


Oil of Orange, 


Oil of Origany, 
Oil of Rofemary, < 


0,940 


0,934 


X>ilofSaiIafiaf, 


1,094 


Ofl of Spikenard, 


0,936 


Oil of Turpentine^ 


0,792 


Spirit" of TurpentiftB, 


0,874 


Spirit of Wine reOMedt 


0,866 


£theieal Spirit of Wino^ 


o,73« 


Spirit'Of Vitriol, 


1,203 


Spirit-of Amber, - 


1,030 


Spirit of HartfliQiiij 
Sipirit of Ujrine, 


^073 


1,120 


Spirit of Honey, 


0,89 J 


Splril; of Nitic, 


M«S 


■ ■» > DiM reaified. 


t,6io 


Spirit of Sea-Salt,. . 


1,130 


' 


ftored 
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ftorcd,>^ belbi^, by pJutting in fb much Weight 
as is equafi 'to the Wciglit of the fam^e B^k of 



SpfriP of Tartar, x 'U'^73 

TjnUure of Antimony, 6,866 

Butter of Antimony, '2»470 

Balfam of To/u^ ^ 0,^96 

LiMvium of Salt of Tartar^i ^^SS^ 

Burgttmfy yimt, <^>953 

Canary^ <»0J} 

Red Wine from* Pontac, <^>993 

White- Wine Vinegar;, , 1,011 

X)ifliird Vinegar, ' ,^»^39 

Milk of Goats, * 1,009 

Cow*§ Milk, . ^ ..>«03Q 

tJrine, * 1,030 

23. ^inge all Bodies are fubje£^ to expand with Heat, and 
be condenfed with Cold, it muft follow, that the fpecific Gra- 
vities of Bodies cannot be precifely the fame bQth hi Summer 
and Winter. This was firft obferved in Experiments by 
M. Homberg^ and after him by M. Etfmfchmdy .who found 
the abfolate Weight of a cubic Inch of (ey^ral Sorts of Bo-^ 
dies in Spmmer and Winter was as in the TabJe t^elow. 
Sumon^. Winter. 



: . 3 


m;. 


dr. 


zr^ 


. 0». 


ir. 


^?^• 


Brandy,- 







32 







4i 


DifUU'd Water, 







8 


' 




II 


Spring Water, 







II . 


• 




14 


River Water, 





5- 


>o. 


.0 




13 


Spirit of. Nitre, 







«4 . 


. 1. ".Q 


^ 6* 


44 


Spirit of. Sea-Salt, 







49. 







55 


Spirit of Vitriol, 







33 


\ 




38 


Oil of Vitriol, 







.59 





^7 


7» 


Milkj „ 







«o 







«5 


Meicurxv' 


7 




66 


7 




"4 


Vin^g^tr^: 







»5 







ai 


2)/V4»;Diftiird, 







w 





5 


IS 



24. All this may be dill rendered more appareM by taking 
the fpecific Gravities of thefe Liquors, (1.) when they kre very 
cold; (2. 1 when they are pretty warm; and (3) -when they 
are very hot;^for in thefe feveral Cafes the Subje^ will dif- 
cover a much lefs Denfity or Weight in e^ual Bnlk^j either by 
t^e Common *r Hydroftatic Balance* - 

Water: 
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Water : The Gravity, therefore, of every Solid 
is thus compared with Water, and confequentty 

2f . And a& in this, and many other Caies, it is required 
to be tety exaft in weighing Bodies, even beyon^what is at- 
tainable by the ni<:eil Mechanifm of the Inftrument itfeif, I 
(hall here give the Reader an Account of an Improve- 
ment of the Common Balance in this Refpefl, from the late 
learned ^Cravefande ; and it will be the more pertinent in 
this Place, as it depends on an hydrollatic Principle. This 
Inftrament f<^tves equally, for Exa^efs in conmion as in hy^ 
droftatical Matters. 

26. The Figure of the Machine reprefents the Balance in 
its hydroftatic life. I ihall firll defcribe the Machine ; then 
fhew the new-contrived Artifice for Exaftnefs; and, lafUy, give 

an Inftance of its univerfal Ufe. VCG is the Stand orPfl- *^*XVin 
lar fixed in the Table. From the Top at A hangs, by two 
Iflkfen Strings, the horiaontal Piece or Bar BB; from which 
is fiifpended, by a Ring at /, the fine Beam of a Balance I, 
which is kept from defcending too low on either Side by the 
gentle fpringing Piece txys^ fixed on the Supporter M. The 
Hamefs is annulated at 0, to (hew diflindlly the perpendicu- 
lar Pofition of the Kxamea by the finall pointed Index fixed 
above it. 

27. The Strings by which the Balance is fufpended paffing 
over two Pulleys, one on each Side the Piece at A, go down 
to the Bottom on the other Side, and are hung over the Hook 
at«i;j which Hook, by means of a Screw P, is moveable 
about t^ Inch backwards and forwards, and therefore the 
Balance may be raifed or deprefied as much. But if a greater 
Elevation or Deprelfion be required, the Sliding-Piece S, 
which carries the Screw P, is readily moved to any Part of 
the fquare Brafs Rod VK^ and fixed by means of a Screw. 

28. The Motion of the Balance being thus provided for, 
the reft of the Affaratus is as follows : H H is a fmall Ta- 
ole fixed upon a Piece D, under the Scales d and e, and is ' 
moveable up and down in a long Slit in the Pillar above C, 
and ^enM at any Part with a S^ew behind. At the Point 

In the Middle of the Bottom of each Scale is hung by a fine 
Hook a Brafs Wire ad^ ac. Thefe pafs through two Holes 
ffi, IV, in the Table ; and to the Wire ad is fufpended a ca- 
rious cylindric Wire r /, perforated at each End for that Pur- 
pofe. This Wire r/ is covered with Paper graduated by 
#qiial Divifions^ and is about five Inches long. 

with 
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with each 6th6r •, as in the Table below. ' 

' Tni' iApplication of Hydroftatics to the feveral 



. 2Q. In dife Comei: of the 'table at E is fixed a Bf afc Tube, ' jj 
^n which a%und Wire hlis{o adapted as to move ne^h^r t6o ^ 
liardhbr too freely by its flat Head I. Upon the lower Pat y 
"of this xnovcs another! Tube Q^ which has FrifUon enough to ] 
caufe it to rem^n in apy Pofition re(]iuired ; to this is Ibce4 an 
Index T, moving horizontally when the Wire i& / is tumM 
about^ and therefore may. b« et^Hy fet to th^ graduated , 

^ire r ./. 

Jo. To^thc lower End of tht Wire r/ hangs a' Weight L^ ! j 
to that a Wire pn with a' finall Bi-afs Ball ^» about | of ^ 
an Inch in Diameter. On the other Side» to the Wire ac ! . 
hangs a laige Glafs Bubble R by a Horfe-hair. Let us at pre- ^ 
fcnt fuppofe the Weight L taken away* and the Wiro/n fuf- ■ ^ 
pcndcd from S ; and on the other Side let the Bubble R be . ^ 
taken away, and the Weight F fufpehded in its Room at c, ! 
This Weight F we fuppofe to be fuch as will keep in Equt/i- j | 
Bria lyith the feveral Parts appended to the other Scale, at the i 

fame Time that the middle Poin^ of the Wire / ;sr is ip Uie Sur^ < 
face of the Water in the Veffel N,. . ., . . 

3 1 . The Wire fnh to be of fuch a Size, that the. X-ength . 
of one Inch ihall weigh four. Grains. Hence it.i^ evident, 
fince Brafi is eight times heavier than Water, (fee Jrf. 1 6-.) 
that for every Inch the Wire finks in the Water, it will beconve 
half a Grain lighter, and half a Grain heavier for every Inch 

it rifes out of the Water : Confecjaentiy , by finking iv(o Inches 
below the middle Pointy or rifing two Inches ^bove it, , the ' 
Wire will become one Grain lightjEr or heavier. { 

32. And therefore, ' if when the middle Poi;it is at .the $ur- 
face of the Water in Equiliffrio, the Index T be fet to . the 
middle Point a of the graduated Wire r/, and^'tbe Diftance 
on each Side a r and a/ contain 100 equal Part^'; theii,..when 
in weighing Bodies the Weight is defired to the bundredik Part 
of a Grain, it may eafily be had bjl'' proceeding in the follow- 
ing Manner^ Let the Body to be weighed be placo4 in the 
Scale ^, and put the Weights in the Scde ei and let thefe'he 
fo determined, that one Grain more fiiall be too much, and 
one Grain lefs too little. Then the Balance being gently 
moved up or down by the Screw P, till the £<juilibrium be 
nicely (hewn at ; and then if the Index T be at the middle 
Point a of the Wire r j, it (hews the Weights put into the 
Scale e arc jufl equal to the Weight of the Body! 

Ufes 



H Y 1> R O S T A T I C $. gt% 

IJics of Life will be evident from the foUowmg 
Inftancesi having firfl premifed, ibai a QtUc 

33. Sat if the Index T ftand at any Part between a and r» 
it (news the Number of Grains in the Scale g were more than 
equal to the^ Weight of the Body jn the Sode it^ becaofe the 
Wire pn is now made lighter by finking below the middle 
Point. Thus, fupppfe the Weights put into the Scale e were 
1 095 GhrainB, and the Index T cuts the 36th DiviiioA abort a, 
it (hews that 36 hundredth Parts of a Grain are to be added^ 
or that the Weight of the Body is 1095,36 Grains. 

34. On the other hand, had the Index flood at 36, the 
Sivifion below a, it would have fhewn the Weights in the 
Scale e were taort than equal to the Weight of the Body by 
36 Hundredths of a Grain ; and that there the Wewht of 
the Bodv" was io9£,64 Grains. By this Method we &d the 
abfola#Weight of the Body;, the relative Weight i* found 
by weighing it hydrofbtically in Water as follows. 

3;. Inflead of putting the Body in the Scale J^ lu before^ 
let it be appended with the Weight F at the Hock c, }ff m 
Horfe-hair as at R, fupjHjfmg the Veffel of Water O were 
away ; then the Equilibrium being made, the Index T fbmd- 
ine between a and r» at the 36th Div]fion, fhews the Weight 
of the Body 1095,36 Grains. As it thus hangs, let it be un^ 
merfed in the Water of the VcfTcl O, and it will become 
lighter by much ; the Scale e will defcend till the Beam of the 
fiance refts on the Supporter x. Then fuppofe 100 Grama 
put into the Scale d vtttorcd the Equilibrium preofely, fo that 
the Index T4ki again point to the 36th Div&on above a : It 
is plain the Weight of an equal Biilk of Water would in this 
Cafe be exa^y ioo<yraiiis. 

36. But if the too Grains in die Scale ^csufe it to prepon* 
derate a little, then by turning the Screw P the Balance may 
be raiied, till the Wire /« becoming heavier reflotes the Eqai- 
Ubre. Let now the Index T cut the 6th Divifion above a^^ 
then 36 -— 6 == 30, wWch (hews that the Wire pn is now -f^ 
of a Grain heavier than before ; therefore the Weight of the 
Water is only 99,7 Grains : Whence its Gravity to that of 
the Body is as 99,7 to 1095,36; as required. 

37. After a like Manner may this Balance be applied to 
find the fpecific Gravities of Fluids; which vnH not be diffi- 
cult to thoTe who aj^ehend what has been already faid. In 
Radkice, it will be nec%i&ry to ufe great Precaution in every 
Panicular J the Wire /» ihoukl be oil'd, and then wiped as 



^24 *H 1^ D R & S T A T I C d. 

F<?^/ ^ common Water weighs very et^aStly lood 
Ounces Averdupois^ or 62 Pounds and an balf^ 
which may be reduced to Troy Weight, by con- 
fidering, that the Averdupois Pound is to the Tfoy 
Pound as 17 to 14, and the Averdupois CXinee to 
the Trgr Ounce as 51 to 56. 
] Hence, to find the ^antity of Prejfure againft 
the Sluice or Bank that pens the Water ^ v^t have 
^hisRule: Multiply the Area of the Sluice under 
Water by the "Depth of the Centre of Gravity iH 
Peet^ and that ProduSi again by 6ii\ the ProduSl 
will be the Number of Pounds required. ^^^^^^ 
pie: Admit the Length of the Sluice be 2oreet,* 
the Etepth of Water 5 ; then will the Area under 
Water be 100 fquare Feet j which multiplied by 
2 1, the Depth of the Centre of Gravity, giv6s 
250 cubic Feet; which again multiplied by 62 J, 
gives 15625/^. equal to 7* Tons nearly (LXIV.) 

clean as- pofiible ; enough will remain to prevent the Water . 
adhering thereto: Alfo the Balance ought to be railed very 
, gently, and when come to an Equilibrium ihould be gently 
agitated^ to fee if it will come fo again. 

(LXIV) That the Area under Water multiplied by the 
Depth of the Centre of Gravity gives the Number of folid 
Feet of Water preifing againft the Sluice^ is evident froak 
Amiot. LV. Jrf. 13, 14^ 15, &rV. And this Product is to be 
multiplied by 62 |, becaufe fo many Pounds is the Weight 
of one folid or cubic Foot of Water* Sec j^nrtot. LXII, 
Jrt. 7. , 

2. This Example gives the Numbers which. I took from 
a Pen that was made acrofs a River ; and. though it may feem . 
wonderful that all the Water in the River ftiould alF^dl the 
Pfen with no more Force of Prejfure, yet^his will be found 
coniiftent With the Laws of the A^on of Fluids, when that 
is underftood which we have deliver 'd in Jnnol, LVI. For 
the Water of the River does no otherwifc influence- the Pen, 
than as it fui!ains a Plane of fluid Particles to a certain Height 

Again : 
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^AoAlfif : SiHtethe H^eigkt of Bodies is always 

^I'ih Recife Gravity iH efuul Bulisy it foJlows, 

that the Nutribi^w ki the Tabic do alfo exprefi 

the Number 4)f , Averdtipois Ounces contain'd in a 

cubic Foot: ^ each reipedive Sort of Matter 

therein mefiti©n*d. Therefore, if the Magnitude 

of My $&dy^h4 mukiplted ty the fpecifie Gravity^ 

the ProduSt fHiirbe its abfohte W6ght. Thus, 

%pofe*I wbuld know what Weight of Lead will 

covicr a Church *hoie Area is 300Q0 Feet, and 

the Thicknefe of die Lead to of a Foot : Then 

per Rule, ( 3'oao6 x t^ = ) 300 X 1 13 ^5 sa 

3*397^(0 Ounce's, or 971 Tons; the Weight re- 

qUiredi -:^. . ., 

ANOTrtEk ufeful Prbblete is, to fini the Mag^ 
nihitde of apfj^l^gy wbmJbe Weight is known i 
Which is done by dividing the, Weight by tbe^ fpe- 
^ Gra^ in. the Tabki the ^otient is the Mag^ 
. nifiide fought; For Inftanc^ What is the Mag- 
nitude of fevcral Fragments, of O-^/. whpfe 
Weight is 7^ Ounces? -Divide 7 by the fpecifie 
Gravity 2690^: the C^otieftt is -rv^ of a cubic 
Foot: then x^y^-X 1 728 = 4 « cubic Inches, very 
nearly the Magnitude required. 
Also, by 'knowing the Magnitude and Weighty 

in «minediste Goittaft ^Ith the Pen. This fingle Plane of 
Fft'tticleB it is that gives all the Preflare 0x1 the Pens and they 
^Oidd d<> the f^ne, oottid they be otherwife fupported againft 
ir^ if ail the seft o£ the Water in the Rive^ weie taken away. 
'Hilts the Winters of the Sea or Ocean lying againft any Dam 
<Mr«-'&mk witl'iMefs it with no greater Force than the leaft* 
Q^tity of V/;«ter ihmding to the fame Height^ over the 
fame lucent of. the Dam. ^ 
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tof cunfind ibe Jpecific (^avity^ if dko^l^JtU 
Weight by the Magniiude in, €ubis Ptef. Thu%Ci^ 
pofe % Piece of Marble contain 4 oibtp Feef^ wdb 
weighs 603 lb. or itfSob Ouocei > ihfn- ^^^ asb 
2700^ die fpecifk Gravity required^ u fir Table. 

Having g\vfen the ipedfic Gtevity of. Gold: 
to Silver as 19 to 11, and fuppoTe any C6m^> 
pound tliereof, as Cing H&tb's Crown> irhoft^^ 
fbedik: Gravity is 16^ to dctermifofe. the PropO(^ 
tten aiid Wfeight of the Gold arid Sihoremplpy'd, 
iff miking it^ fay, As tU Diffiirencf ^ tU fpfcific 
Graiffiiicl of the Cmpound wid th^ Ugbfer btgH^ 
dim^ viz. 5y is to tht DifferMCf ^ ibi jp$cifig 
Gran)ities of tbe heavier Ingredient and the Gmp-. 
pund^ viz. 3, fb is ibe B«* if Gold to that of 
^Iver inade ufe of. That is, if the whole Crowa 
were divided in 8 PSim, the Gold would cdnfift 
df 5, and the Silver of 3 : Then the Magnkudfcah 
5 and 3, multiplied by the '^3«cific Gravicieft i^ 
and I i fevemlly, will gitie the Numbers 95 ^1^ 
and 33» which expreift the Prt^ortion of tbi 
0^igbt oftbeGoU to tkatef the Silver (LXV.) • 

(LXV) I. The Rules here given for Tdltmf the tfute fitt^ 
Problems are only thofe Theotems exprefi*d in Woids ip^udt 
y/>Ur ^ in ABMot. LVIi, Jri. 9^ to, 1 1 . But thit which con- 
cerns the fourth, relating to Kuig Siero^t Crown; I ihall here 
dpmonftrate as follows. 

' 2. Let A and B be an^ two 6otU of Mstte^^ and^r aod i. 
denote titeir fpedfic Gtavides ; die Coiiq;M>iiiid made of thofe. 
two Bodies will be A-f*B} and let c be the*%edfic Giaviqr 
thereof Then fince the i^luti Wei^ of a Body Is equal 
t<r frs Bulk multiplied hy ia Ipodiu:. Gnvky (See Jwmf. 
VVIL Art. 10.) we ihaH have A^tss Weigh t of the Bod){ 
A, and B^= Weight of the Body B, and A-f-Bxr:;? 
Wf Ifi&t of the Comj^ind. Sat A«4-BJs:A-f Bxr = 

' SiMCil 



$tktt ftodies (^ diffirfeht fpccific GtvnAtSs A- 
tjuipoaderatmg ^U:h otlter in Air» i^n bemg 
immerfed into Water,. wiM have tbfc B^uiUhhm 

Ar4*Br| wlMkKlfc Aik-^Ar=3tlBi^-^l^llf eMi^toemfr 

^here A l^i Die Qutndgp iH Q6A, tni it Dutt tf Saver^ t^d 

). WhtoSJiig ASf»r» (ft^teaii^ the Wortcmeti luii itkyM 
the Geld with more Slim than was xtece^&y) ftnt te j^SroK- 
Mft/tx t6 exHihine ktby and jfeiea the F^^ Hf^ttt were 
Uny ; thh ^greUt MdtheiUttkiaii Watt long At K Mb te tkiijt 
ef i^ }9f«thod Of ddnft it I tiH dxie 0i|^ g^^t «te e Tpb 
fbll of leetd Wifteir td Mlie ynife!f» h<i <MsPf% dMt as He 
eiitet>d t&e' Tub the \ntt«ir Tain cjitt^ tedrh^ittitiedAtctylUr 
k Hitfft fblft9w, tliat rih^T^eb wm full; tiie WttJEf whkh 
nm out Bp^n his tdmMoHr miSt be e<hitf iH Bulk to Us 

4. H&iMJe the ^offb^ b^^» dHis ra'ieiiflm: If I M- 
ttcH^ ^ CreWtt in e Ydfel fbU ef t¥^tfter, it vM pftAkOt 
as much at is caujd< tt> its^lBtttk. Kthkt this 1 Immeife tbb 
4fti« Wetj^i: or pud t$^, «m1 pare Silver, I (hall get 
RtHi^ 6f Wiiter eqail to ^Idi} cofifeqaenfff kLVint the BtS^ 
of GoiA» ^Ver, iiid C?iV)^ of equal Weight, f baye tli^ 
Acdiie ^^M'^ities^ #lMi nnft be as ttie Bulks kxvitf&p 
Then" i tn^ceed to fiiad the lUHp, or FVeportiM of QcoA 
to the Silver in the Crbwn as follow. 

^. finppofe A M li j^ be a Vefbl *lM WiA Wtiet tolh* PI. XVII» 
tiei^t B C, and that the Ma^ of GqU e^ual in Wekht to Fig. f. 
the Crowii, being immerfeJ into fhe Water, raifes ths Sui£ice 
thereof to F ; and afc^r tbat» the^Mrfs of Silver ofj^e faine 
IVeight Immerfed riifds the Suffice to GTtHen ifthe Heig^ 
6f the Ve&l above C Irc divided into eq«f^ Paits,..iftl 
Lt)^=: 11^ and l>G = iO; it is plain the Bolksof the 
Gold and saver Witt Isc as DP to BO, a&d the i^iectte 
Gravities .as D G to D F. LaMf, if the Crowa be iauaeiv 
fi^d, it will raife the Surface to lome Height between iP and 
^, iupp'ofe to H^ fo that PH;? 44. Whencs diel^ro^ 
tioir of the Bulks of the Gold and Silver in the Crown may; 
kJ* dertrmincd. .i 

4. JFior iince the Ditference of fpecihc Gravities of the 
Gold and Silver is DG -^DPssFGrxS; if the SuBt of 
the Grown be divided in 8 ecpal Parts, it is evidexS, that as 
«Mii|tiof thofis Pdirts as confift of pure Gold^ ib jMfty ofthoTe 

Q a iinme* 
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iTOmi3fei»ryuilcftroy*cl by »the. ' greater Rciiffimce 
: of the Fiuid^-and confequebtly the greater iLcnTs 
lof Weight in the lighi»ft<aiid moft ^ bulky Body ^ 

■^PiY^fr an t^e:9idei}f the \^f eljvaV^&itlke of (the NvAd 
jKand bdow the Pob|( Q, bfOBlife if ^11. thf: 8 Farts-. i|f (lie ' 

j Cro^^ .w^§ ^Id^ th« Crown Kwonli ; canfe ^r W^^- to ] 

fbmd 8 of thoie Divifions below G. Qn tW oAcr^ fibod^as 
imany; of .tbe,3 FftflA of the Crown as are Silycr» lb many of ^ 

. the .pjlvifiops yfUi it canfe the ^Mri^ of the Water to rife ^- ^ 

.boy«*|!'y l^ufe,.if,2dl the ^ Fafti pf tl^e Crown were Silver^ J 

.it 9x^ukl^<^'^ Warer 8 pf tjb9(fll:Jii^vjfioiisaix>TeP, . ^ 

{ ' . 7< Xikfivfinv, i hi^paufe the Crown, when nmnerTed^ raifes 
fthe Wa^jer to this J^ig)it D^jE(,^.#o3 His 3 Divific^. below 
JG, itr^wSitW 3 of (he M^ai^si^of the Qrown ar&.G^ld,; ^ 

ifuid co^f^fBfinii^ dpepthiBr 5'jF!|ru ^re, Silver^.i^ H is^.^ of 
(the Dfvi^qii s^jre JR. ;H^ncp.>rtf..3v|kiqf .CS<^ld.>^ 
Crown is to that of the Silver as 3 to $» as before defi^- 
jBBied. Thut i^kifikdfs took igs^ /Method iike i^ is 
^certainrf ; f and it ,i§j^d> be offer "4} tp Jufii^ a Hecatonb' 4^ 
jQxen &f;.i^t^QMi^gldbnwitKthcT^ . •:. .., p 

., : %i To $he. Piptolens in the .J^dare, I (ball add . the folx 
)am^%.^ Let them be two Bodies ,A and B, one theavies, i 

the ^m lighims tben Water; let their fpecific Qr^ii^ \^ 
« aa^ kv. WB^lpi^ Wci^t^^tAiboigiven^ and denoted Ik^ 
jW; and Jeir^ beVequired tp fiod.what. Wei^ (wj of the 
lighter Body B/ maft be conoe^^;, with the heavier, duit fo 
';>; ' the .Coi«ppBi)d: fliali have the..to«l fy^oic GraviQr with 

•? I Water/' Now bcdaife A = — and B==^, therefore i^^ 

F= — .+? •^ .^^.'"" = Bulk if Water, wiich muUi- 
plied by ib Specific Gravity (c)jp.ye% ^e Weight of Wat^t 

^2 ^i3C.W + ««; =3 the Weight of both the Bodies. 

>Vhence we WcW^r -f. «»,«/ == W^i + 'wah ; and fo 
Vf 6'C^'i'^yf ahzsimiab'^^'^kK'} coftfequently ■ ^ -^ 

— w i pr if f :p 1, then we have 3 sr ~-= — 

X W = w =1 Weight of the Body Brcquired. 
. 9.«For Example ; fuppofe the'fpecific Gravity of a Man*s 
-P04y,.,Watei;.flna Cork b« as 10, 9,3 J> tkcnA-=*o> 

* . therefore 
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tliejdbm it follows, that in hwfii^GMy whochis 
bMi^a^Vtbax Brafiyvrc (hou]d dxa&tb&.ligbte/t 
JiTj i. e. when tiie -Mercury, in the flteomfiCCD 

^ — Q, and^=z|i let W= i5oiJi=.Wc^t of the 

Man's Body i then wiU — ■ = «v. =? 5 ; theie- 

fore if fuch ^ Man were to take 5 &, of CqA^with him iitt<» 
the Water, he would be of the feme fpccific Gravity of the 
Water, and ever fo little more would make it impofiible for 
him to fink ; whence.thc Art of learning to fwiminigbt t^ 
this Problem be greatly hidlitated. 

I o. fofind the Wdgbt •fa Globe of Water one Inch in Dia^r, 
meter.. We (hall here chufi; Trt^y Weight, where one cubic 
Foot weigjw 76 lb ; and' ierefore one cubi<>'Inch weighs 

■ I oft Fotmd. or i — • Gtams* 

12 X 12 X 12 12 X 12 X 12. 

that is, iLUZ or 2^ Grains. But in Geometry wr 

12 3 

prove the. Cube is to its infcribedSphece as i to 0,52+ j tJierc^ 

fore as i ; 0,524 :; ^ : 132 Grainy = the Weight of a 

Globeof Water one Inch Diamettt. «. . ^ 

ti. To find the Diameter 6f a GkAe bj ^weighing it fy£roJta^ 
ticafff. Let it fell be wci^'d m Air. and then » Wate^ 
and the Difference of thofe Weights wittbe the Weight of an- 
e^aal Bulk or Globe of Water, which caU W 1 now the 
Weights of homogeneous Bodies are as their Bulks, wl|ich (m 
Spheres) are as the Cubes of their Diameters. But the 
WcirfitofaGlbbeofWateri InchinDiametcriBis^Gm^ 

fer^. 10.) Therefore we % as 132J W :|.i' s DU 

Whenpc —=D\ confequently ^rrz^ D=Diame. 

132 »3» 

tcr of the Globe required. • , , \r / 

12. To find the folid Content in cubic Inches of of^trregu/ar 
Sidy. Let W = Diffferencc of its Weight m Water and 
Air = Weight of an equal Bulk of Water. Thetf a* the^ 

Weight of a cubic Inch of Watdr ^jW:: ' • ^ ^ ^=* 

folid Content ofthe Body required. " ^ "' 

12. To find the Proportion of Mttgmtude bet^^enany Mwj 

Bcdie^propofed.. Let each be weighed in Air and ^^^^^^ 

0l^ Loffes of Weight they each fuftam wxU be the We^ts 
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ftands loweft $ hut in Iftffing frtchus Sttmes^ Pearls^ 
Ifc. whickarc lighter than Brafs^tht bcft Time to 
da it in is wkm tie Air is bedviefi and mofi huoyanti^ 
viz. when the Quickfilver ftands higheft in the 
Barometer: But mfeUing Gcl^or Jewels^ the con - 
traiy Rules are to b^ observed in regard to the 
Gmritf of the Air (LXVi) 



flf twaBttlks of Water, «qu^ to thoTe Bodies refpcAively y 
fuu} CQafi^uendy will ea^preft the Ratio of the Magnitades 
ofthofeBo^iet. '^ 

SCHOLltlM. 

14. The Excellency of this Hydrolbttic Method^ abovo 
afl Others appe^ from heno^ dm iC is aniveiial, and e^ 
qually adapted to aH Sort< And Shapes of Bodies, which com- 
Qiop Geoxneti^ ]3iiot. How woukl^it piizale a QeQmegriciaii 
0' exhibit the juft Dimenfions or Bulk of a Fifh, for Infl^iice? 
How does the aakwapd i^pite of his Bocfy', the AppeiVdage 
fif Fipi and Tail elude the Prindptes of his Art? Whilft the 
jhiilofopher immediately^ and without any Troabie, gives 
the Anfwer by his Hydnjhtie Bai^nee^ AgaiB^ Vftfr^ a Gfio-* 
loetcf aift'd, which it b^geft. a GmmM pr # £&//4rV» a^d 
wiat this DiSerencw ? He would find it vain to (ronfult hit 
Arc» and moft borrow his Aid and Anfwer ftom this moft 
ufeAil Sqei^» wiuci^ excels equally in Accofacy 9A Uta^ 
veiflBtyv . 

(LXVI) t. Sm« a cubiip Inch of Gfold wd^hi t<^t^ 
Ounces Trcjit ^d a cut>ic Inch of Air | of a Qra^in^ .when th^ 
;Air is of a mean Gravity; if we fay» As 10,36 : | :: 12 : 

: — ^ = the Parii of a Grain which 1 1 0^ncet or a Pouiid 

of Gold will loCe whpi the Air is in a mean St^te. Now 
fmce th(^ Aii:|^ whca xx fupjorts a Column of Mercury z% 
I^^eft i^9 Is lighter by ^ P^rt th^ when it fuflfUns a Co- 

lupn of. 30 Inches. Hdehti thefefeft -r^ +— 5^-^^^^ 

r-SE-f .J .. .»-^* . ^ 72,52 * 20 1450,4 

^ the P;>rts of a Grain w^fh ip much Air weight wJ&eiR.heJu 
UlA^ W^ equal' in Btt)k to a Pouncl of Qpld ; and twice ^e 

S^^fly^ "j^. M2i!2i r= the Weight of Air eq»ud In 

Once 
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Oir€ t moft : Since thi G9oAufs of Mn&al 
ty'atirs^ Drugs^ Metals^ precious Stones, &c. is 
beft fheam ly their Jpecific Gravity, it will at once 
appear of what vaft Importance the Hydroftatic 
Balance is, and how abfokitely oeoeflary in (he 
Hands of every judicious Dealer in any fuch kind 
of Commodities (LXVIL) (LXVIIIJ 

Bdik to two Poafids of Gold. Bntdusba litde lefi than one 
Grain ; let as fuppofe it ofie Gram* 

2. ThOA two FoaiMbof Gdd wiU fefe of iti Weight one 
praiti ; aixi fince GM^ is twice as htxrf as Biafi that k b 
«N»|^M ag^nft, the Aa6 Weights will have twice die Bulk, 
Mr! will there fefe two Grains of its abfdnte Weig^. If an 
£qtulibriam be now iiiade> when the Air is lighteft, or left 
bv one Tenth of its former Weig^, the Gold wil lofe oM 
Teath of a Grain, and the Biafs wiU lofe two Tenths of a " 
Grain ; confeqnently the Buyer will get one Tenth of a GnJn 
Gf Gold in this laft State of the Air, more than he would 

have had in the former, or hea^eft State ; becaufe now one * 

Tenth of a Grain more mull be added to the Bra& to make 
an EqtuUbrium. And this in Value h the fifth Part of a Pen- 
ny, redconing Gold at Two-pence/^ Grain; or one Pto in 
115200^ 

3. Since the fpecific Gravity of Diamond is to that of the 
ftfaft Weights as i toj, if we make an £quilibriam between 
the t^o Pounds of Brais and Diamond, when the Bnds lofes 
two Tenths of a Grain, the Diamond will lofe fix Tenths of 
Sl Giaitt; oonieqaentiy four Tenths of a Grain moft be fub* ^ 
duded from the Brafs for an Equilibrium m the li^teft State 
Of the Air, and (b much the Buyer will lofe of Diamond more 
than when the Air is heavieil of all; which is about one Fait 
in 28800 of the Whole. Whence it appears, that a Regaid 
to theStateof the Air is aMatter of more Curiofity than Im- 
portance, the Advantaige being fo vexy ineoofiderable in either 
Cafe. 

(LX VII] I . How great die Ufefuhefe and Importance of 
Hydroftadc Knowledge is to Fhyficians^ Chpt^i^ Afwthecmria^ 
Jewellirsy Goldfiftitbsy &c. will appear by reading Mr. B^sf/Zt 
^cellent MiUcinm Hydrojhticn ; in which Book the ikilfiil Au- 
thor propofes the following Ufos to be made of Hydroftttic 
Knowledge, wk^ "^ 

0^4 *• %'• 
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' ai A'^^ To explore Aft Nature and ]>igfrenee ^f.'^^b 

by fbding their fpecific Gravities. For iince the mod pure ao^ 
homogeneous. Kind of Stones are in Gravity to Water as aboift' 
:s| to I ; and Tin, the hgktcSt of Metals, s to Water ih^Gxar^, 
vity ^s a^ut 7 p I; if a ftony Subftiance be found to., have ^^ 
greater Proportion of Gravity than that of 2 J t<V i, it miril 
be probable that it has in. it fome adventitious Matter of a. 
ineralline Na^re, or is at leaf( commix'd with fome minesal 
Body more heavy than pure Stone, and may therefore very 
probably be ufefuJly applied to feme medicin'al Purpofes. For 
Inikncc, of this Kind he mentions the Lapis Hematites or 
9lQod-ftone, lapU Lox^^ tile Lpadftone, Land U^ Caldmi^ 
tutrisi a}l which have their Ufes in Pbyfic 
;. 5. Secondly^ He propofps this Method a&very ceirtain to.iie- 
termine whether a Body, fuppofed to be^ a S(one of the aii? 
peral Kind, be fo indeed Thus Cor^l^ which, Tuys he, fomo 
take to be a PJanf, and others a Uthoden/liKmt but moil reck/MI 
}t.?tmong precious Stones, is in Gravity to Water as 2,68 t<^ 
1 9 which favours the lafl Opinion. Thus a Calculus humami 
'^9tn4.a Pezoar were found as 1,7 and %,*% tp-i, and thereifore 
^too light to be of the f ^ne Species with comnfion liioiic* 

. 4,, A Third \Jip which he propofes is to difcovi^ the Re- 
fembJiaAce or Difference between Bodies of itm ^nje Denp- 
pination, and thereby to coiled and.^oertAiA their (everal ' 
Degrees of Gopdneis refpediiyely. Whe^ice he aj:gues the 
Neceifity of tMs Sort <if Knowiedge^^to^Piytfician^, Cbemi^s, ' 
Apothecaries, Druggiftsj to the Goldfmith, the Merchant, 
Ihe Miner, 4?^. . 

5, A fwrth Ufe is to difcern genujne Stones from toufiter- 
leit ones, which pa^y be of great Help to jcwellei?. Here 
jhe gives Inftances of./^itiousCocal and X^titious Geii|S, an^ ^ 

^ a Bezoar, \^hich he |bund put that Way not to be gip^ija^ 
though a great Price was fet on tjie latter. .. . ^ 

6. Hence Mercury is found to liave a different Gravity* ber . 
ingfometimes.b^t 13!, anrf fome time^; above 14 times hea- • 
yicr ihan^Vaterj im4Ji*:»ce a notabk Difference may arife * 
in two Weather-glaffes at xj^ f;ime Time, »nd in the fame 

Place, even to a v^hq^e Inch, from the different Gravity of 
the Mercury in one and the other. Therefore thofe who 
publilh Regiflcrs of the Weather ought to find out and declare 

:io the Werl4 the fpeciJSc Gravity ©J (|ic Qmcfcfdver they ufe 
in their Barometers. 

. 7. Thcfc Ufcs h^^nmneratCB overapd above what we J^ave 
t^lpen notice of, /iof a Mechanical and Geometrical Nature: 
And; to lejt us i«iow the high Value he had for. tjiis Scie^c^ 
lie thus expreiTes himklf ^ " As little SkiU as I. have in JEly- 

. * . " ^ .> r ' " V droftatics. 
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*^ droftatics, I wooid notbedebarr'd frdm th&U(e ofi^km 
** for axonfiderabte Sam of Moosy^ it having already' ^tee 
' *^ meacoejpcable Service^ and on ikx mote CkcafioosthUn I. 
*' myfeif nrft expe6ted, efpedally hi the Examen ci Metals 
*^ and mineral :Bodies, and of feveial mineral Produi^ons.'* 
Witk'fniKh more, to the fame Pbrport; 

(LXVIIi) I; To render this heBxatt tmHydi^ofiatics more 
edmpkat, I fhall here fubjoin what relates to the Refiftanoe 
of Mediums^ or to the Motion of Bodies moving in a refin- 
ing Medium : And to determine rightly in this Cafe« I fhal^ 
confider every particular Circumfiance by itfelf, c^eris fari-^ 
bus^ and then reprefent the Whole conneded tc^ether* We 
fhall fuppofe the Cafe of a <^iobe mvOtng in a Fluid of oMmu- 
form Denjityf9r a gi<vin Time, 

2. FirH, Let the fame Globe move with the fame Veloci« 
C|r, fiift in a denier Flaid, and afterwards in a rater; then it 
is plain, the denfer the Fluid is^ the more Particles the Globe 
will meet with, and ilrike in a given Time ; and therefore 
the greater will be the Re>adion or Reiidance of the Fluid : 
Therefore in this Cafe thi' Refifioftce. of the two Fhdds nmll h 
€U their Dftfjiiip, 

. 3. In the im Place, fuppofe two different Globus, of the 
fame Quanntf]^ of Matter,- to move in the fame Fluid, widti the 
fame Yelodtyj As thefe Globes move, *tis evident the Num« 
ber of Partkictt they, meet and ftrike, and thercft)re by which 
they are refilled; wiU be as their Surfaces, or rather as their 
Half-Soffac^ t, and they are as the Squares of their Diame* 
fers : Confequent]^, the Rejijiance *wbicb tbtfi Globes meet luith 
twill he ah the, Squares of their Diameters. 

4.. LalUy, Let the fame Globe move in the fame Fluid 
with diderent Velocities. Now it is eafy to ceneeive, that if 
one Globe moves with a Velocity double to that of the other, 
it will ftrike twice the Number of Particles in the fame Time, 
and Its R^fiftance will bp twice as great on that account. 
Again : The Globe which moves with a double Velocity will 
lb-ike each Particle with a Force twice as great as the other 
does with half the Velocity ; the Re-adion therefore of the 
iParucles on the former will be twice as great as upon the lat- 
ter. Therefore the Refiflance to the Gtobe moving with the 
double Velocity will be four times as great: And ftnce this 
will "be the Cafe univerfally,- the 'Refiftentce to a moving Body k 
as^theSqitauofitiWelocity. ! 

5. lAwf putting 9jl theie^afes together, the R/;fifhmce to| 
a Globe moving uniformly in an uniform Fluid will be in the 
(compound Ratios of the jDttifity of the Medium,, the Square 
at the Diameter, an<i the Square of the Velocity; . So that 

if 
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if A and B ire two Gkbes^ mhok DianMim ufi D uA/^ 

ttd VcloddM V and «, ipoving b Modiuriu wMEe Dcnfitiev 
are N and «; thea wiii the Refifbnoe o£ ^e Gkbe A Im to 
diat of B at N X D^ K V^ to « X 1^ X IT*. 

6. Luhis Computatios wi* have copfidcr -d oaly diat Re 
fiflance which arifes from the Re«a£HoB of Matter bjr ki Ta 
IwrHit: Bat tfaeie is foine fiaall Refiflance arifing. to Bodiea 
moving in a Fluid frcmi two other CaitTety qmB. oie fioaa th» 
Fridkm of the Body agatttll the Parts of theFloid ai it flMnra^ 
Oe other from the Toiacky of the Partkks of the Pitiid. 
which arifes fxom their Attratflion of Cobefioa. fiat bodi 
thefe ase voy finall when co9B|)ared with the other, aadqgit^ 
Snconfiderabie to Bodies aaoivisg with any coofidoahk Swift* 
neis. The RefifUnce peculiar to Air» arifiog from its Elafti* 
ci|y, will be cai/ider*d in another PUka. 

7. In the abofc Cafes we haive foppofed the Bodies aM$iriiis 
in the Fkid to be homogeneal, or (^ the fiune Mazier «4 
Dei^fity^ but if they are beterogeneal, or of Uiffeient Den* 
Atiesy then will the Refilbace be fiuther Tariible ; Ibr it will 
be inverfely as the ]>ei^ttes, or Qivmtities of Matter whidi 
the bodies contain ; becaufe the greater the Q|»iitity of Mat^ 
ter, the greater will be the Mmnetaum of the moving Body^ 
and the le6 the Refiftanoe of the Medium compared therfT-^ 
withy and fb will be the more eal^overcotte by it. Hcnot» 
if the two Globes mention'd in Jri. %. haxre a<Elt equal 
Qoanttties of Matter, (a& is them fappoM) the Refilbmce 
wL be as their Surfaces dire£Uy, and inverfdy ae the Qyan- 

titles of Matten that is, as D* x « to i* x -jj, 'or aa 

^ to J, or^as ^to D. That is, tbt Refiftana to Qkhs of 

unequal Diapteters and ^OMtities of Matter nvi/Ite (cxteris p^* 
ribus] in<verjely as their Diameters, 

8. Since a Body moving in a refining Medium mud every 
Moment have its ^foment^m qt Qu^tit) of Motion (Qr:M V) 
abated or diminifli'd by the Re-a6lioh of the Fluid ; and finoe 
in a given Time (his Lofs or Decrement of Motion is always 
as the Re-aaion, that is, as the Refiftancc (R) Of the Fluid : 
3ut the momentary Increafe or Decreafb of Motion is as its 
Fimdon Q^or VM. Wherefore the Refinance of the fhu^ 
for any equal Parts of Time will be R'3£Q^5sVMl or^ 
if^hen the Ma& of Matter M is given, we haVe RacQjfcV. 
\ 9.' But when the Moments of Time are not given, that is, 
tot equals the Reiiftanc^ R will ^9 as the D^c^esient of Mo- 

HfXtL 
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tion QdireAly, and tixe Mt^ent or Floxioo of the Time (f) 
inveriefy ; for twice the Refiltaiice will dcftroy the fiune Qaan« 
tky of the Motion in half the Time, and three times the Re* 
£|buice will deilroy it in one Thiixl of the Time* Thejefere 

^ R s: (Y^z;;:^ 9^i €onfe<}uent1}r, when the Mafs M » 

V 
give0»wehaveRs4*i that ia» the lUfifbiiCi is UttSty 

T 

a# the Fluxion or momeDtaneoai DeceeaMat of the Veiociify 

and inversely as the Fhixion of the Time. 

lo. We hjive before ihewn» (Jimot. XXL Art. 5.) that 

in nnifbrm Motions the Feiocity is as the Space ditiOfyy asidtbi 

S 
Tisae imftr/slj^ or V = =- ; and beoniie in tnrf Kind df 

l^fotion, whether in Vacuo or in any Sort of refilling Medium^ 
the momentaneoos Velocity may be confider^d as equable or 
pdform, or proportional to the Space defafted eaidi Moment 

Ct Time s and therefore V= Z^^ and fo V T s 8, and 

T - 

S 
T=Py-; and, taking the Fluents, welfaallhavrthe£^n»^ 

fill tb$ Re^anglej YT=, S ^ the Space dMcribed, and the 
Sum of aS theQgotients ^ = T =s the Tme. 

1 1 . Therefore if the Curve BPC be ib deiciihed that its p|. XVIL 
Ordinates M P, mf, (perpftnd.iailar to the Axis AD) expound pig 6 
tiie Velocity V, and the M/qfa (from the ^'d Point A) *' 
AM» Am, the Time T; the PerDendicular AB bong eioa- 
ed in the Point A* and meeting the Curve in B ; t& Area 
ABPM will expreis the Space S defcribed in the Time T. 
l<et mf be in^nMy near to MlVthen will Mj»:sTj 
tbeielbne ^e.Fluxion of the Area ABPM will be the Axe* 
olaMP^« = Vt=:S. 

I as. Jb Jike.mMiner« if the Abfci& AM exponndt the Space 
defcribed = S^ an4 the CMiuate MP be as the Velocity ia^ 

i^tMf, tiiatis. If MF be as -^^ the Area ABPM will 
faqpound the Tixn^ T in which AM » ddenhoii €x the 

S • I 
f|nxion of tl^ T^t ^iug T5P "y « * « y" = **« ^ 
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MP> the Sum of all tlitfe Fliccionanr Areolas JK? fm wiff 
be the Area A B P M expreffing tlic Time. 
.13. Becanfe when the Mafs- of MaCUr in the mcnring Bo^ 

V . • :v 

is riven, we have R = n- {Art, 9.) j therefore RT = V, 
• T , . 

or the Fluxtonaty Decrtment of Velocity is as the Refinance and 
the Fluxion of the Time conjointly But the Fluxionary Increment 
of thi Space will be as the Feh^ify and its Fluxionary Detriment- 

Vx V 

eSreSlyf and the Refifianct invesfefyy that is, S = — ^— ; for- 

.V . . 

asaboveT= — , and8=:VT [Art. io.)j thereforeS = 

Vx_,orS= — - — 

. rT R 

V x-V 
14. Hence R = > or the Refifiance is as the Velodij, 

S 

and. its, Fluxionary J>eeritnent dirs^f, and the Flmxiass of. tha. 

Space inverfely. Alfo R S zs V x V ; that is, the Velocity 
muliiplied iy iti Fluxionary Decrement is as the Refiftanci and 
Fjuxionasy Intrmnl of tie Space coiyointfy, Beeaufe the Ve- 
locity has been hitherto eonn^ier'd as ^ecreaiing, it ought to 
have the l^luxion V expreft^d negatively in the abovi: Equa- 
tions ; that is, JIT = — V, and-R S- == — . V x V. 

15. We have alfo hitherto confider'd the Refifbmce R as . 

• comprehending all that retards the Motion of the Body in the , 
Medium. • But this retarding Power may arifc from different 
Principles, as the' Denfity of the iVlediom, or its particular 
Refiftance ; and alfo from a centripetal Force, as that of Gra- 
vity : Thus a Stone thrown upwards is retarded by the Re« 
fiftance of the Air, and Power of Qravity. Let the centri- 
petal Force be C, the Refiilance Ofthe Medium R ; tlitii Will 
R = C 4- ^ when thefe Focces confpire, and R-= C^^R^ 
when they aa contrarily. 

16. Thus in the Motion of an afcending Body, where 
R=.C + «, we have RT = Cf + ^t = — V; and 
C 5 + Jt^?P TT V X V. ' But.ia.jth« Defcent of Ae^ftM^. 
where the.cen.tripetal Force C is greater than that of the Ke- 
fif^ance; we have C — R; and then the above Theorems* 
willbeCt — iet = V, andC'S— /;S = yxV; for 
r!oN\ :lid Velocity is increasing, and-its Fluxion positive. * 9ut 



,if (hi taititi Foicer be t06'tliiii'di6 Kififlanbe^ vithSm 

tjr If in thefc Theorems we fuppofc Jic=«V,fli4y wp. 

^ b^- cMngad into voth^fs, 1^" which the Motions qf Bodies in 
*fibn-rdG;^iig Mediums m'ajr be, determined. Thgs fpr die 
^j^entltiey.wiU beCts — V, andrCS =—. V« V^; 

Mi Jqrrtiic Defcent Ct= V, and C'S = V x V. And 
^Attsith^MfldoB of a^Bod^r iaa:refiftingMediiunma)^bexoni- 

pared with the Motions of the lame Body in anon-refiftiiis 

Mtiirmp or in' Facif9. 

isa. U the Rcififtance.bc eqmd to the centnd^Fofce, that )e, 
•tf^/^t C, then in dcfce«flin^'Bodies we have CTTj— J^Ti 
'■^.is f^^Coiifequently, .as the.Fluxiop of the Velocity is eqiua 

toNoth^, the Veldcky (dan neither inwaife nor dccreafe, 
iMi is m'd&at C^fe unifofn> or eqqs^^ 

19. Since, till this happefis; the Velocity is continually in- 
^cff9fing,.(becai2&.iu.;i^iu9Rpn:V i^always as .C-^R for any 
^gvran Tipse) therefqfe. whenC 2= R, or V:s «, the Velodfy 
,df ithe defending Body ai T^Maxianmi or .the greateft poffi- 
*U^: Btttthis Velocity. Bbdie» defcendhig in;a Fluid, though 
'.thiey ^onftantly approach, tp it, will never attain ; as will be 
;^eii inrjehe Seqod hereof. . \ . 

: to*. In order to eftknate-.the Velodty, ^ Time^ and the 
Space defcribed by Bodies falling in a uniform Fluid, iuch as 
4Vaterti wh^e Faris'have noxsoi^erable Tenacity^ :and where 
ithe lljetardafiKMi of the Body is the. Efied only of: the Refift- 
>ance it^ meets with from the Vts Inertue or Re-adUon of thfe 
^\^\ it will tss necefbry firft to.ebfetve, that When any Bod)r 
m^es'ifo a Fluid with a ^vdi Velocity^' th^ lte-«£Uon of the 
J^i^-^Upon the Body is the very fame as its A&ton upon Jc 
,WQi}Ube^ were the Body to be at. Reft in the Fluid moving 
Rg^Bift. \\ with the lame Velocity : Becaofe die Magnitude of 
the Stroke is always as the relative Velocity, which-is here the 
&oie 19 both Cafes. ; (SersAeMf. XXIII. 8.) 

zj. Alfo that a chcolar Phae, a Cyiinder, a Globe, -a PI. XIX. 
spheroid, a Cone» &c. whoie Breadth is'.the.iame, and a« Fig. 6. 
gaiKifl: which the Fluid moires in a perpendicular i>iie^ion^ 
ai<e all f!l|ually a^d i^on by the Fluid ; or, i£ thqr move in 
tHe .Flui4,.are equally refitted by it* For let PQjbe the Dis»» 
ine«rr <tf ^y of thole Bodies phKsed m a Ganill £FT9; 
through which the Water flows from the larg^Veffbl ABC DJ 
intonii^cftber bi^oiv lill?d-«^th flagnant Water, toochlng-the 
Sot^miolE. the Jbcoer CD. . ;rhea £ti4e tke Capoci^ oftki^ 
9-^ Canal 
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k kpliuatheFlnidAywiQgth^^ fiifirthe^ncl^- 

ta^nlation from all of ihcm, and therefore mall a6t ali^ opon 
Web ; jconfeqoeptly, were the Fluid at Reft, and tKo^ Sadies 
tiibving thYou^ it, Acy would all be equally retiirded. 

22. It snoft be fkrther obferved, diat all tlefifiance ariimg 
* ftom the Afperitjr bf the §ui£ices of Bodies, u ttot here con^ 

iAm^d ; adil^" if is fuf^jpofed, th&t the t^oid tafobntiniioas, infi- 
nitely dHSkpm^'ii taid wlioft Bntt hnv^ no Elafttdty, ^Ptm^ 
mtf^ not WnOatm^ awdthcathsGiAwiBfae vnyneal-lytlte 

23. Now Sir J/aac Nrwtott has ihewitf that if litt VtflU 
ABCP^ W lAdefiutefy favgit or widt, the Vctodty ^ the 
FliiklintkBanji^ol^Sfa(!eafaPtttt^<:^^ PQ i^jQ 
be eoud to tHat which a Bocfy acquires in falling t^irough the 
Height Gtt; tecaufe it wduldlfc lib, were the Plane ?h 
pfoted !h ^e OHfice EF, die iMtotipn of' Uie Flmd throiuj^ 
the Cana) being mufoitn^ tol not accdeiated by reafim of ue 
ftagoant Wttfef bktteath. 

24. Ite faftiitf (hews, diat if tiA flane Hme jdatfM in tKtf 
Onfice BP al the Bottonn of the VflflM^ as a^ /f; ft would 
itiftainiiFortsottoftheddceBdkgFlaia, or Caoualft AEFB, 
like do that xtpretrneed ^ / N f } whicUs lefs tha» ti*to TlMls 
flf a Cylinder of dieikinie Bsdb ^f, aad Akitude GH, biit 
greater than one third Part thereof : . Aad tixat tiiefdbft h h 
wlBBiifyBtt-AdthmedatiMadhmNf^ or eqitfl to Half 
of ifae iidd Cylinder. 

±5. TJusistipotiSb^QlidoRthatdiePlaari/f J^eaootfiog 
ted! ; bat if k hs imj^entoi till il: becomey eqiai' td thl^ 
tiole E F» it wil then fofiain the Weight of the {wrptndicil^ 
toColaflui of WHiermer it, tiittt iS) k tviBfulrain «ho Wtiighi 
of a^Cyimderor Water of tha tene Bafe and Akkude GK : 
And diatthilrifore in ail other Gales the Weight whkb di« 
Plane ff fuftaiitt is to the Wfe]gh^6^ a^Cytiadeir 0f W«f^^ 
nrhofe Bafe jb c4|Qal to die Pbne ted Akkkide iQH^ sk 6F^ 



26. The RefitHftce (R) theeeOMr t6 the Plahe ff mtSNk^ 
an tkt Office £F, ahd oonftqddfitif of the Phme Fd indfing 
tt tkt Canal, inHll be in ail Dimenfions of tHe ^aal aao 
Plane ootapared wkb ^ Weight 4Wi} of a Colania of Wttef 
wMefiafeis dquat t9 the Phor,. atod Altitude iGHi is Ck« 
AMl of tk tratiMrfe Seaion of iSlit Cand to tile EKdiftf of 
Odi* Area ifaov* 4 tie Anea of ito PMhei fihac m. It; W a^ 
^*tlF»-*^fPQ;. 

. 27.. Let now the^ Orifaca ol* the (Salial Bf mlifBT bo 
4bftdttp,juai^ttkananePQjtfd^ 
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to 4efcejui b^ ..t|ic »injim ^P3(» 6et|iyeeii it ^ tl:^^ ,C»nrf I 
•ii^ix wiD fke Vcl*ciQr»(V) c^ ttc a&endiflg Fb^e ic to die 
Velocity (v) of tic dcfcending Water, as EF* — PQ* ta 
Pft; thajti^y ;v a; RF* — PC;^ : PQJi wkimi V: 

j;S. BiH &u;^ th^ Motion of the M^ater u omtiaiy to that 
tf tie PbMK» % relntive Velpcity^ wicb vluck tHc/ aft on 
•KHoOie^ VI iW Saxn pf botj^i kff%. as V<4r«. (Ste^- 
ti^, XXUr,}. Kow l€t thi^ relauye V^ocity be eqoal to tliat 
i)^t|^ wKidi tl^ Water befpi^e deiimtoi w die iMuuiW Spacs 
bj^ th^ PbM P Q^at JUft, Om » Jrt^ylM». ^ wUcE k 
a£f ^lre4 b^ filling t^rougb OH. jUn wiQ Oe Aaion of 
t^ Water iipan tbc Ptafic be the lame as biefore at Reft, ani 

pfcqucnto wfeWf here affii R;W :: BP» : EF» — 
;; ao4VA(V4.'y^)-i^*::EF* — PQ:;BF\ 



ZQ, C* pQ^ w!? fuppofe tbr Ouial to ht anemcnted m 
Widui odiinfitttum. PQ^wiJl tWbe ipfioitely fixuS inrefpeft 
QfEFi wheni;ffP(2^andiPQ^w31 ymk iniheThma 
of the aSove Ratios, which wIQ theq become eqval % ziAfy 
R3? W, a^nd Vsc*. That ^jh tUfififina of Oh Plmn 
imllfffm hc$m mJ h tie WdAt tf a Q^Smkr ofWaier^ 
'wMi J^a/eh fpiM t9. ^t ^t%t fkm*% fKni JHtitui | G H. 
Aub, thi Vdocitj tf th Phne u ipdd to that 'wUcbfucb m ^« 
/&&/• m;ouU acguirt hyfalRng jthrpugS the Height G H. 

so. Let As Area of the Plaice, PQ. then will iGH>t 
Azsthe Cylinder of Watei^, whofe Weight W is equal to 
tbe Refiftance R of the Plane. Bat die Cylinder ^ G H x A, 
moving with the ^e VeloQiy V of the Plane, wQl have the 
ikme Kefiiitance* The Sj>aGe through which it m^l^ deftend 
to acqiure ^at YeWty is twioe its Length* 'wx. GHj alid 
wTth that Vj^oci^y, by an uoilbiu Motion, it wonld pafs over 
& Spac^ eqiial to 2 Q H =r 4 tiines its Length i G^. Wlsrt'^ 
fire fhe F^fianf^ (f the Cylinder is eqml to tie Force (or 
H^dghi W) ly lotnch fiufalliMg freely) a Motion epuJ to that 
^ the Cylinder mf^ io gfnerutei^ (in ncauiring the Velocity V) 
in the 7im i» r^im^ the fnd Cylinder hajHI dofcribe aJSface opud 
t%/mr tbimMiJ^ffh^ 

'3 1 . ThAn, became the Motion M <^ the Cylinder is as its 
Len^ L, its fi^e A» 1^ Denfity D. and Sqoare of its Ve- 
locity "V, that Is,^M: L x A x 6^x v ; diereifbre when (as 
in.tlus Qfe) 'the,.(^a|v^tie9 A» ])» V are given, we have M • 
Li and fince theTio^^T (in which the Motion M is gene* 
raUd^ or 4 L is Aefcrib^ is alTo as L, therefore both M and 
T wHl vary with X* equany,^ and confequently will be propor- 
i^^l^ to ekcih odMjr. But the Force which generates Quanti. 



tii^iofMo&ih propon^i^ii^^'^e Time Is In itf^ tot^t 
4nd immutable, itndis fheit&re;e^aal to the*R!qiiiburcfe of thtf 
Cjiiiidcri' wWchalfo i^emJMjis tiiichtoged under all Degrees of 

Motion. . ./ ' 

• 'j2. If tfieDcniity D'oF tKe Cytnderbe Variable, fo will 
^he Quantity of Motiqn,^ bp UkeWife, arid alTo the PorCe. W^ 
b^'i)^(^^' equal Quantity of Motion in th^ (ame;!^ Ime m9y 
bK gfeiemed' or deftroyed.^ .TWrefbre, let ^Trsltenfity'of 
ajSjrflfider of Water, 1);=: CcriTfty of*U Cyliniicr qf Lead erf" 
the iame Bafe^ w == Force which would generate the'Sfbtioii 
of the.Cylinder of M^ater in the *Fime' it would defcrifee fouf . 
tima iti tiength, and W.the'Fotee thjtc Would jpncrate the 
Motion of the Cylinder of Lead in the fame Time: Then 
£:D:inv : W. But.we hawAeWn w =iR|' tlife Reiiftance 
of escli Cyimderj' C6nfe^u^«tly,'*'R:.W,{: </:'|!>i;'that^is,, 
^beRejyi^na of a Cylinder of Le(i^ is tV thd to¥ce ^htth'^itl 
gmcrate iti ijuhle Mofufntuhile it*drfcrthcs four ti^'es its'LeM^/hp 
as the Dffffty of. Water, to the Denflty of Leid. 

33. Hence, fmce tlje Refiflance of a GteBe attdCylindeif* 
moving in a Fltiid is the fame,' tad fittcea Globe is | of ito 
circumscribing Cylinder^ the Force 'Which wIH ^efiefatt orde- 
ftroy the whole Motidn of the Cylinder while it moves ovci' 
i times its Length, will getifemtb or delbfoythe Whole Mo- 
tion of the Globe while it ii^ovei uniformly through | of 4 
Diametcrt, or| of 'Its l>iaiheier. • "!.'.' '.' 

"^ 34; From what hdsbc'eri faid, if the Velod^ of a^Gfebei 
6t Cylinder moving in Wateir be knOw^n, and ^fo its Diame- 
tfer.; then the Refiltaiice it meets with from the Fluid, while it 
moves uniforinly through, is known alio. Thus l^t its Velo- 
city V ;=: Feet per Secotidj and its Diameter three Inches. ' 
Then a Body falling through the Space of '4 Feet acquires ' 
that Velocity, (fee-^//«o/.LXXV.6.) whencfe GH= 4, and 
^ GH =:t 2 Feet, the Length 6f a Colunm of Water, whofc 
!§afe being 3 Inches in Dimeter wdl weigh about 6 Jb. and i^ . 
eflual to the Refiflanc^ of -thfc-Globe. 

3$. Hcricfe alfo it is e^y to find th^ Height from which if 
the Globe fclls in Vacuoy it ftikll acquire the Velocity which 
ihall.be.thcv greatf flit can|y)flib]y acquire by defending in thcf ' 
Flui^^by the Force of its relative freight . ' WtnchjSeigJbt ivil/^ 
he fo ^ Paris of its Diameter^ as the Denjity if the XfMe to thi 
Den/ity of the Fluid, ' ,, ' ' 

"36. For, let R = ReTiffance,' D = D^;nfity of the GIbbe, 
d= that of the Fluid, knd F ''t=i Foitc Whldi wijl generate 
the Motion of the Glob'c in the Time It movel} over | D^ 
where p = the Diameter of the Globe j* A^n we have R :' 



i 
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f ::i:D (in Jn. 33.) whence F = -r-. Now let i S =r 

Space which the Globe dcfcribes onifonnly « the Time of 
ihc Fall, and with the Velocity acquired thefcby. Then 
will zS'.:^ D :: D : d(pefArt. 32) :: S; 4 D. Bat Tand 
/, the Times in which muform Spaces are deicribed, are ai 
thofeSpaces, nn%. T : / :: 2S : |Di whfence T : / :: D: ^. 
Again, fince in the Tildes Tand / equal Quantities of Motbn 
are produced^ w*. the whole Motion of die Globe ; for F 
produces that Motion in the Time /, and in the Time T if 
is produced by the Force or Relative Weight of the Globe, 
Which call P. t^heft, fince the greater the Time is^ the leA 
Will be the Foroe afting uniformly to produce, a given Effeft, 
wehaveF: ?:: T:ij hence F:P:»D:^/; and fo F =2 
P D RD 
^^=:-^ ; whence P= R, that is, the Rtfiftance being 

equacl to the We^htof the Body, it can be no longer accele- 
tated. 

3^7. At Sir Ifmc Newton was the Author of this Theory, 
io he inftituted a SeHes of Experiments to confirm the fame, 
for which Reafoo^ as well as to exemplify the foregoing Me- 
dod of Compatation^ 1 ihall here repeat fome of the princi- 
pal, made with Globes of Wax and Lead included, let fall in 
Water thro' fhe Depth of 11 2 Inches. His firil Experimj^nc 
was with a Globe t\^ Farts of an Inch Diame;pr = D, whofe 
Weight in Vacu$ was 1 56 -J^ Grains, and in Water 77 Grains^ 
therefore 1 56 -Ji — 77 ^=^ 79 -ji Grains = the Weight of 
an equal Bulk of Water. Wherefore ^:D:s79j|: 156-3!: 
4 D (= z,2^^gj Inches) : 2 S =: 4>4256 Inches ; and fd 
Sr=: 2,2128 Inches. 

. 38. The Globe falling/* f^acao, with its whole Weight of 
156^1 Grains, will in one Second of Time defcribe 193 f 
Inches. And by its relative Wei^t of 79 7 1 Grains in Wa* 
ter:^ it would in the fame Time by filing in Vacuo defcribe 
95,219 Inches. For the SpGices defcribed in the fame Time 
win be as the accelerating Forces or Weights of the Bodies. 
(S«e^«fi?/.XXVII. 2, 3.) 

39. But the Time T, in which the Globe by defcendihg tit 
Vacuo with its relative Weight of 79 ^\ Grains, will defcribe 
the Space S == 2,2 1 28, is to the Time / =: i Second, in which 
it defcribed the Space 95,219, in the fubduplicate Ratio of 
thofe Spaces \ that is^ T : / :: ^T^izS : ^^95,219, where- 

^2 2128 
fore T = V^ — ^^ :=: o^, i c 24.4 = the Time m which thd 

95,219 » ^ TT 

Globe by defcending i> Vacuo acquires the greatcft Velocity 
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V with which it can defcenii in the Water. 

40. In the next Place, to ftnd the VelDcity and the Spactf 
deTcribed in the Fluid in the whole Time of the Fall (F) Sir 
Ifaac has this Method ; let the Number N be found for the 

' 2 F 
LogaHthxn 0,4342944819-=- ; then is the Velocity of the 

N I 

Globe at the End of the Fall = ttt— x V. Again let L 

be the Logarithm of the Number—^- i then will the Space 

2 SF 
defcribcd be -^ — 1386298 + 4,605171-8. ThcfeVc- 

locities and Spaces defcribed are calculated and difpofed into a 
Table by our Author for any Number Of Seconds to 10 T. 
The Demonftration of the above Rules is too long and intri- 
cate for this Place, but may be fecn in the Commentary on 
the Prindfia by Le Seur and Jaeger. This Table will be 
infeited at the End of this Note. 

41. By this Tabic you fee how foon'Bbdies acquire their 
greateft Velocity in defcending in Water ; for Inftance, iir 
5 T = 0^76 = 46'*', the Globe has acquired a Velocity 
whkh is to the greateft as 99990920 to 1 00000000. And 
in ioT=i: i" : 30'^' the Velocity of the Globe is to the 
greateft Velocity as 99999999 1 to 1 00000000. Which 
Difference is ivifeofible to the moft critical Eye j and from 
thence (having fallen through 37 Inches) it descends with aR 
uniform Velocity to Appearance^ tho* it really for ever in- 
creafes. 

42. If the Time of Defcent in the Vi^ater be Icfs than 10 T, 

the Diftance defcended is fhewn by the third Column ; but if 

it be greater, as in the prefent Experiment it is 4^; then fay, 

8S 
as T : a S :: 4" r — = 1 16,1245^ Indies, becaufe Spaces 

defcribed with an uniform Velocity are as the Times. This 
uniform Space muft be diminifh'd by fubflradting die conftanc 
Number 1,38629 S. Therefore 1 16,^245 — ".38629 S = 
1 J 3,0569 Inches, which the Globe ftiould defcribe in the Wa- 
ter in 4'' by the Theory. 

43. Butiti the Experiment it defcribed only 112 Inches* 
which Diifeience cf i Inch in 1 1 2 is inconfiderable, and would 
have given no Dillurbance to any but Sir Ifaac Nekton, But 
he being as nice in Prance as fkilful ifi Theory, attempted 
another Set of Experiments in a deeper VeiTel, <viz. of 15,3 
Feet or 183,6 Inches. I (hall here give the Reader a View 
of the Event of his feveral Experiments in both Veilvil^ in the 

jli^lowiDg Table : In 
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I 



J 

!^<^- 
?> 



Grains. 

121 



^39f 

2I2| 

293I 
139 

273i 
384 



In the Veflel 112 Inches deep. 

Tims af their Defcent 
Experiments. 






Graiiu. 



i l4< 



9 384 
to 48 • 

II' 141 



7i 


4 


4^1 


2li 




28I 


79i 




'S, 


"A 




igi 




50 


«4of 




12 


192? 




«7i 


4 




44i 


4i 


3 


63 



f 

47 



SO 
29 

*Si 

30 

So| 
124 
18 

4$ 
64 



7}W 
if the 
Tbto- 

*y- 



1 n 

14:48 
40 



iches deep. 






i\ 


SJ 




JO . 


*9l 


30 




29 


16 


»7 


18 


«s 


3oi 


3« 




28 


5' 


S* 




s« 


12 


»3 




"7 

'sl 


i8| 


•9 




46 






46I 


65 






64i 



44. In all the Experiments of the deep Velfel, the Times 
dre exprefs'd in Half Seconds, that is, in All but the two 
firft. And the fmall DifFerences from the Theory, Sir J/aac 
▼eiy eafily accoants for from ^ the ofcillatory Motion with 
which thofe which defcended moft flowly were found to 
move, as in the 5th, 8th, and 9th Experiments, But in 
thofe which defcended more fwiftly, the Times ytiy nearl/ 
correfpond with the Theory. Thefe Experiments were madd 
in Water ; others vitxt made in Air, to ihew that the Pha?- 
itnnena agree with the Theory in an elaftic and rare Me- 
dium, as well as in a non-elaftic and denfe one. 

45. In order to this the Denfity of Air to that of Rain 
Wat^r is affumed as i to 860; and 5 Crlobes form'd 
of H6g*il Bladders, blown in a wooden Mould, while green, 
and taken out when dry, were let fall from the Dome of 
St. Paut^ to the Pavement, from the Height of 272 Feet, 
and the Time meafured by Half-Second Pendulums ; the E- 
vent of all the five Globed is (hewn in the following Table. 
I (hall here fubjoin a Calculation for one of them, 'viz. th^ 
3d, as follows. 

46. The Diameter of this Globe was 5,3::iD, and it 
lik^eigh'd 137,5 in Air. ^ Globe of Air of the fame i)ia- 
riie:er weighs 23 Grains, very nearly % therefore 1 37,5+23= 
i66,5 Grains, the Weight of the Globe in^Facuo, Where- 

R 1 fore* 
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fore, as 23 : 160,5 :: |D: 2^ = 98,626. Again, as i6o,c: 
137,5:: 193 1 : 165,628= Inches the Bladder would nil 
in the Air in one Second. Butf with Uw fame relative 
Weight i37i, it will/» ri^wdefteaiTthro' the Space 5=s 
49,313 in the Time 0^,^56 = 1, and acquire the greatcft 
Velocity with which it can defcend h Air. The Time of tke 
Fall was i8|', in which with that Vclodty the C^obc 
would defcfibe 278 Feet 9 Inches by an umform Mo* 
tion ; for 0^,5456 : 98,626 Inches :: 1 8 i*' : 278^ Feet. Laft- 
ly, fubduft 1,38635=51 Feet, and there remains 273 
Feet, tho* in the Table, by a more accurate Calculation, it is 
but 272 Feet : 7, Inches, and by the Experiment it was 272 
Feet. 

47. The following Tabic (hews, in the firft Column, the 
Weight of each Globe or Bladder; the fecond its Diameter 1 
the thiixi the Time ih which they fererally defcended thro* 
the Height of 272 Feet; the fourth fhews the Spaces they 
fhould have diefcendied thro" by the. Theory ; and the lah 
Column fhews the Difference between the Theory and £x« 
periments. 



ThiWiigh 
imGrmns. 


Diameter 
in Inches^ 


Times of 
the Fall. 


Spaces per 
Theny. 


Difference. 


128 
.56 

>37t 
974 
991 


5,28 

5,26 

5 


i8{ 

22 

21 


Feet. Inch. 

271 — 11 

272 — o| 

272 — 7 
277 ~ 4 
282 — 


Feet. Inch. 
— I 

0—7 

5—4 
10 — 



48. According to this Theory, having found the Refi- 
ftance which a Globe meets with in defcending in any re- 
Ming Medium, agreeing to its greatell Velocity, it is eafy 
then to find its Refiftance for any lefler Velocity propofed ; 
becaufe the Refidance for any given Velocities, will be as 
the Squares of thofe Velocities. 

49. The Globe has been hitherto fuppofed to begin its 
Motion in the refifling Medium' from a State of Reft ; but 
we may fuppofe it alfo projefled into fuch a Medium, or to 
enter it with a certain Degree of Motion or Velocity ; and 
in this Cafe we may determine the Velocity, the Refiftance, 
and the Space defcribed in the Medium, from any given 
Time ; by knowing the t)enfity of the Globe and Medium, 
and the Velocity with which it enters it \ as alfo what Part 

» of 
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of its Motion the Globe (hall have loft in that Time; 

50. Bat in order to this, wt mvA take to oar Affidanee 
the ffyperhola. Therefore let AB= Time in which the PI. XVII. 
Globe would lofe iti ^hele Motion by the ftefiftance it Fig. 7. 
meets witfi (apon entring the Fluid,] if uniformly continued. 
Lf tile Points A and B -cred the Ferpendicoh^ A D and 
BC; and let B C reprefent the Motion or Veloci^, and al- 
fo the ReMance of the Globe at irs Entrance into the Fluid ; 
thro' the Point C, let the Hyperbola be defcribed to the 
Afykiptotes A D and A B continued to any Point £ ; in £ 
ereft the Perpendicular E F meeting the Hypeibola in F ; 
compleatthe Paralleiogram C B EG ; and draw AF cutting 
pCinH. 

> $ I . Then if the Giobe-in any Time B £ AekAes in Fk- 
€uo the Space reprefented by the Parallelogram BCGE by 
its firil Vdlocity BC uniformly continued, it will in a re- 
iiflinff Medium delcribe the hyperbolic Space or Area BCFE; 
and Its Motion or Velocity at the End of the Time BE will 
be reprefented by the Ordinate E F, and the Part k^ by 
FG. ' Lailly, its Refinance at the End of that Time will 
be BH, and the Part loft HC. 

52. For BC* :EF* :: BC : j^ = the Refiftanccat 

the End of the Time BE, as B C is that at the Beginning. 
And from the Nature of the Hyperbola, B C : E F :: A E : 
ABj and by fimilar. Triangles AE : AB :: EF : BH; 

wherefore HBrrg^, the Refiftanceat the End of the 

Time B E. 

53. Hence if the Globe in any Time T lofes its whole 
Motion M by the Refiffemce R uniformly continued; the 
fame Globe fhall in a refilling Medium, by the RefilUnce R 
decreaUng in the duplicate Ratio of the Velocity, m the Time 

/ lofe the Part of its whole Motion M j and then 

M — -^H- = ^I^ will be the Part of the Motion re- 
* T + / T+/ 

maining. For let m be the refidual Motion, then T : / ::, 
AB:BE (by ^/, 50,51.}; and hence T +/: T :: AE: 
AB J and moreover M : w :: CB : FE :: A E : ABi 

whence T + / : T :r M : j«; cottfc<picntly m = ^jqp- 

54. LaiUy, the^ Space (S) defcr&cd in the refilling Medium 
in the Time t will be to the Space (2 S) defcribed by the uni- 

R 1 form 
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T + f 
fonn Motkm M^ as the Logvithm of the Number — 7^ x 

2,302585 to—. ForIetAB=:/jr,BC=^, BE=;f,aiidAEi= 
a + x, and L =; Logarithm. Then (per Conic9) the Aita 
PCEF ^ ab% L^ii, and the ReA^gle BCQE =:«f, 

ivjicnce i\2,^\i ak'Ah *" ■ ibx\ an4 4*viding \?y ah, 

wchave / : 2 S :: L^-i^ :: ~ :: L J : =^ ; but the 
a a 11 

T 4- / 
-3Exprcffion L — ^ , as it^ here (lands, is an hyperbolical 

Logariiphip, wfiich is to (he ^onrniqn tabular Lc^rithm as 

3^,302585 ^ I. Confcqu^ntly this tabular L ^ x 

2,302585 = Logarithm fought, 

55. The Spaces, Tinges, and Velocities of.Bodi^ mqving 
cither by their Fis infita alone, or conjointly with an accelera- 
ting Force, as Gravity 5 in refilling Mediums of various Den- 
sity' and Ratio of Refinance, may be analytically inveftigated as 
follows. Let the initial Velocity, or that with which it b«- 
jgfins it? Motion in the Fluid be V, the Time /, the Sp^ ce de- 
fcrit^ed J, fnd the Velocity at the End of the Tf i^e ^9 the 

. Penfity of the Medium d, and the Refiftance r as — . Then 

j^y Art, 14.) r sz=L — *r If, wherefore ;= — i^n) y and 

fo di zzi a'''v 1;'*"*. 

56. Whence if the Denfity be uniform, as of Water, then 

. ^* ti/ 

i =: I. And if « = 2, then s == a"^ vv"-', = — r-r-. 

*v 

Now s is the Fluent of the Fluxion s, and the Fluent of 

Js Q^ — «* Lff, where Q^is fome cpnftant Qaantity, 

to find the Value of which, fuppofe s :pz Qj— /i* l^ *» == «, 
them Qj= a^ L'w, but when iz^o, fi; = V ; therefore 

Qj=i«»LV. Wherefore i == «*LV — «*L 0^=11* lX. 

57. The Time / isfound by the Fprmia in ^f/, io> where 
^c had ( == — , but bepaufe when d is given, s = fl»*£;'i;i— « 

(4rf. 
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{Art. 55.) therefore /= — = — — = tfm'iJ^f— ■• 

Whence takmg the Fluents we have / =: — ^= — : rrjand 

* I H 

potting / = tf, we have v = V, wherefore Qj=:: «• V« — • ; 

confequently^ fab^toting for Q^its Vabic, we have / =; 

««Vi — ^« — ^«iii — « «* V — fl*v 

' ■ : Hence, if s := 2^ / = ■ » > >, 

_ , V— a; 



58. We had above tz^a* vvi — »', and taking the Ra- 

« « o. « , Q — tf » v* — « 

rnts on both Sides, we have / i^i -^^= =: 

2— « 

^« V* — » — ai v* — * - , 

■ . Let 2 — « = « ; then mjzzz 

2 — « 

an Ym —- a« ofv • hence a» V«» — «i / =; a» «»• ; therefore 
1 

-z; = ^HlZiatiZ. Which Theorcnj therefore pves thf 

^^ 
Velocity when the Space j is known. 

59. In thefe Theorems we fee the Agreement with the for- 
mer Methods of determining thefe Qoantities. Thus the 

Space )by Theorem in jirt. 56. is j = 4* L — = 2»3Q2585 

T4-/ 
L —^ (in Art. 54.) = BCFE, the Hypeibqlic Spac? in 



the Figure. Whence, in this Cafe» a^ = 2,302585. x 

60. To d^ermine the Space f which l^he Globe (hall have 
pais*d by its Fis infita .when it has loll half its Velocity iv 

V 

Motion, that is, when V : <v :; 2 : i ; we have L — i or t)ie 

Logarithm of 4 = 0,301030, which multiplied by 2,302585 
gives 0,6931 ; and this again, multiplied by 4 /> = 2,6 i>, 
]g;ives 1,84832 2)=:^ which is no; quite 2 Diameters. 

61. The Time t being always as ^* x — ^^, or (bcc^u(c 

V — V 
a* is conftant) as — — — - ; therefore when v = i V, we have 

V V 

*. -T^T = I = ^ which Ihcws the Time in which the Glob^ 
"^ R4 lof0 
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lofes half its Motion is half the whol^ Time ; that is» BE = 
AB (in the Figure) the Time in which by 9B .ufiiform Velo- 
city BC it would defcribe | Parts of its Diameter. 

62. If the Medium be fiqular, or of Xn uniform Denfity, 

where dz:z i ; and if the Refiflance be in the fimple Ratio 

of the Velocity, thiin « = i » and by^tjie Thepr^ns above, 

V i 

szzaV — tfi;, and ^ = aL— , afid'i;:= V . ' 

*v a 

63. If in the foregoing E<}uations the Velocity <z; =r «, 

then s == . — , when n is lefs than 2. But when nzz^z^ 

2 — n • ^ 

V 

/ =1 ij* L — = Infinite \ if « be greater than 2, then alfo s z:z 

an V« — a — 4» tf^ — * an - ^ . r„, . 

' \ ■ — ■ ' ■ :;= Infinite. That is, 

n — 2 X V* — ^ X *v^ — i n — ZY. 

there is but one Cafe in which the Globe moving in the Fluid 
can lofe its Velocity, or come to a State of Reft in defcribing 
a finite Space, and confequently in a finite Time, a;/«. wheri 
n is lefs than 2. |n all other Cafes t^e Motion will never be 
totally deftroyed. And when » = i , then, though the Space 
be finite, 'ui^, tzizaV^ yet the Time of defcribing it will ^ 

V i 

iphiitf, yix. t;^aL'^zz. Infinite. 


64. After » like Manner we may raife Theorems for the 
Spaces, Times, and Velocities of a Body defcendipg by th/^ 
Force of Gravity in any refifting M^ium. For fuppofc the 
Medium of an uniform Denfity, and the Refiflance in anv 

multiplied Ratio of the Velocity, as r = ^ ; then for a 

deftending Body we have (by Jrt. 16.) cs — risrvr, ^nd 

1^ S , *V*V A^"^^ 

fhcrefore cs — ^ZTJ =1 'V'v i whence i = ;^,iJ^,_^„ ^ 

65. Alfo.Uecaufe (by Art, \o) / =: — , therefor^ we hav|8 

wgfi — « 

^ -^ .^ — . Anj jj^ lii^g mimner the Theorems 

for afccnding Bodies are / ;:= ■ — r . and / ss 

•—*£'/?« — X 

. 66. If 
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66. If the Refinance be as the Vcloci^ then n^i; zhi 
indiedefcendingBodyizr -= — '^ + z * ^ 

Fluents of which are f = Qj— 'v-^cL. c —a;, but fince 
when s = it is 'v':^ V, therefore then Qj;;:: V -J- r L. 



— V 



AUbtheTime 



- . - c — V 

c — V; 'andfo/zzV — v+f ^-713^ 

is had from the Equation / = -^^ ; of which the Fluents 

are / = O — L 7—^ = L = ^^^^^ . 5^nd for afcend- 
^** c — <v 

ing Bodies stz\ — 'v-^- cl, ^ ; and / = L ^ , ^- 

67. Ifthe Refinance be as the Square of the Velocity, then 

_-» 
» = 2, and r= — . Let i^s: th^ greatcft Velocity the 

a 
Body can acquire by defcending in the Fluid, anib^ayfe thco 
the Refinance is equal to iti Gravity or Force of its Weight 

(by Art. 36.) we haye c = — , (for in that Cafe v= V,) 

whence re^z V^. Let S = Space defcribcd in Vacuo to ac- 
quire th<B Velocity Vj; then becaiife (by Art. 17.) in that Ca{e 
r S = r K therefore r S zi^iVV. and (o 2 c 3;= rr=? «r, 
cohfequentiy a = 2 S. 

68. Therefore ftnce (Art. 64.) j =;: ^^_j;^ ->- jrx_^y 
and putting To; — i;i; ;;= *-;tf, and taking the Fluxions «u'v = 
— ;r X, and therefore / = — ^— ^.=?-- — -^ ; and ttking 
the Flujgn ts, i=:Qj— 2SL.a?=; Qj-SL. 4r*ssQj-SL, 
^*.— .iv*. Wherefore when jtr*, we have vscV, the 
initial Velocity, then Q=:SL. VV — W: Attd coiifc- 

y^ — V* 
quently/ = SL. ^_^x > 

r^— V* i , , 

69. LetL.^=i) then / L. ^ q; SL. ' yi^^^i » § 
r^— V^ 



I r*_v* ^ r»— V* 

=:L/^S;^L_ .^, therefore *S srjpj^^— 7, 



wfcc»i:« 
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: s 

^» ^ s I V* r* 

whence we get 1;* = ^^— ^— -. Wherefore 



*-s 



the Velocity v is from thence eafily foancf . 

ac — 'om 



70. The Times / it obtained by the Equation t =r 

S , S . 



s s 

the Fluents we have /=; Qj+--pL.r+i?— — L. V — if 
^QL+y^' y i ^^ putting f=:«, and fo «v ?=V, 

wc fhall find Qj= -r- -^L.j^^rv ; and therefore at length 

wehave/:zr^L ^;^^^^^^ . 

7 1 . If the Body defcends in the Fluid from a State of Reft, 
then V=: oy and fo the Space / =: SL. ^ ; the 

^ ■ / ^ /fhL — v^ 

Time/=:-T?.L. -J^sandth^elocityo/ssV' -^r* 

"''. ^'s 

And in like Mannef are found the Equations for the Spaces, 
Times, and Velocities of Bodies afcending in a reMing Me^^ 
dium, which are the fame with thefe having only the Signs of 
V and fv changed. 

72. Thus I have given a Specimen of the feveral Ways 
that have been ufed to reprefent and compute the Motion of 
Bodies, moving in refifting Mediums of any Denfity, a^d ac- 
cdrding to any Law of Kefiftance. The Theorems in the 
latter /Articles exprefs moft of the Cafes in Pt^op, 1, ii., iii, 
VI, VIII, XI, of Sir I/aac Newt9ffi*s fecond Bboic of Prun 
eifia; I could have inferted many more, but have already 
extended this Note to 9k great Length ; and fhall refev the 
Reader to- the admirable Commentary qa our Author by 
MeiTrs. L^ Siur and Jacquier, froija whence I have colle^ed 
moft of thefe Article^ 

73. I fhall conclude with inferting the Table refer'd to in 
thci/Ol^going Computations, which is as follows. 
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Tim of 
the FalL 


Feiocities 
acjpured i/t 
the Flmi. 


Spacts de/crib- 
ed by falling 
in the Fluid. 


Spaas de- 

fcribed<untb 

the great eft 

Velocity, 


Spaces de^ 

fcribed by 

falling in 

Vacuo. 


0,001 T^ 


99999t§ 


0,000001 S 


0,002 S 


o,cooooi 8 


0,01 T 


999967 


0,0001 S 


0,028 


0,0001 S 


0,1 T 


9966799 


0,009983 S 


0,28 


0,01 8 


0.2 T 


19737532 


0,039736 s 


0,48 


0,048 


o.^T 


29131261 


0,088681 S 


0,68 


0,098 


0.4 T 


37994896 


0,155907 s 


0,88 


0,168 


0,5 T 


46211716 


0,240229 s 


1,08 


0,25 S 


0,6 T 


53704957 


0,340270 s 


1,28 


0,368 


0,7 T- 


60436778 


0,454540 s 


1,4 s 


0,498 


cy,8T 


66403677 


0,581507 s 


i,6S 


M48 


0,9 T 


71629787 


0, 71 9660 S 


1,88 


0,81 8 


iT 


76159416 


0,867561 S 


?8 


18 


2T 


96402758 


2,650005 S 


4S 


48 


3T . 


995P5475 


4,618657 s 


6S 


9S 


4T 99932930 


6,6143765^ 8S 


16S. 


5^ J99990920 
6V 99998771 


8,6137968*108 


25 S 


10,6137188 12 S . 


36S 


7T '99999934 


12,6137078 14 S 


49S 


. 8 T 9999980 


14,615^068168 


638 


9T 9999997 


16,61370581188 


81S 


loT |9999999T»8»6i3705S|2aS | 


looS. 
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LECTURE y. 
HYDRAULICS. 

Of ibi l^QjyiLiBRiuM andyioTi6in of Fluids^ 
in general. Of the Rise of Fluids jwitB- 
SERVOiRS and Pipes of Conduit. Of the 
Running^/ Rivers. 0/ /i^ Origin of 
Fountains and SpRfNOS. 0/ PfiREiiNi^vt, 
Intermitting ^j/zz/'Reciproc ating 
Si>RiNGS. ^he Nature of the Recurved. 
Syphon W Tantalus-Cup. ^e Theorv . 
of Jet d*eau*s AfcwV Adjutages, Pipes, fcfr. 
Theorems 9/ the Velocities, Momenta, 
Distances, &?t:. -£)/ Spquting Fluids. 
Various Calculations relaing to the Motion^ 
ofplu^ds tbro^ Pipes appUed to the Animal 
OEfeOKOMv, Cataracts,^ 6?r. Of the Pro- 
perties and Ufe of the Cr an^ or Svp hon. The 
Wi&i^tf Theory of fuMP-WoRK at large^ 
J^he Nature of the CoKtmon Pump explain^ i, 
The Structure of a New Pump without FriSlion^ 
The Nature and Ufe of a Mercurial-Pump, 
working with Quicksilver injlead of a 
Piston, explained. Archimedes*s Screw exr 
plained. The Nature and Structure of New- 
sham's Water-Engine, of Newcomen*s. 
Fire-Engine, Savery*s Fire-Engine, an(f 
Paine's Improvement of Fire-Engine& 
explained. Of the -^olipile. The Theory. 
of the Tides at large explained. 

By HYDRAULICS we are to un^er- 
ftaad the Science of the Motion of Fluids, 

and 
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and the Conftrudion of all Kinds of Inftrunifnts 
and Machines rdatiijg thereto ; alfo the Nature 
of Springs, the Theory of the Tides^ ^c. arc 
tifuaUy expkin'd under this Head. 

Tmb MUtm of Fluids^ viz. their Defceta or 
Bifi bdow or above the common Surface or Le- 
vel of the Source or Fountain is caufed either 
(i.) By the natural Gravity or Prefliife of the 
Fluid contained in the Refervoir or Fotmtain ; or 
(2,) By the Preffure or Weight of the Air on 
the Surface of the Fluid in the Refervoir, when 
it is at the fame time either taken off, or dimi- 
niffied, on fome Part in Aqucdu6b, or Pipes of 
Conduit. (3O By the Spring or elaftic PowQjr 
of compreffed or condcnfed Air, as in the com- 
mon Water-Engine. (4,) By the Force or Pref- 
fure of Piftons, as in all Kinds of forcing Pumps, 
fcfr. (5.) By the Power of Attraftion, as in the 
Cafe of Tides, ^c. Of all ^hich in Order. 

i. The moft natural Motion of Fluids is that 
arifing from the Force of their own Gravity, by 
#hich thofc Parts which ftand higlicft prefs upon 
others below them, till by that means they rife 
to the fame horizontal Level. Thus Water in 
a Fountain ABCD by its Preffure raifes that 
in the Aqueduft FGH to the fame Height PI. XVt. 
IKLM, in every Direftion or Pofition of the ^*S- 
Duft GH or GN-, unlefs the Orifice of the faid 
Du<5t be below that Level, in which Cafe the 
Water will continually flow from the lame. The 
Reafon hereof is evident from the Principles of 
Bydrafiatics^ where it was Ihewn^ that tie Pre/- 
^ fure 
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furt df Fluids was in Proportion to the Jltiiudg 
mhfy and not according to the ^antity thereof i 
and therefore the EfFeft or Rife of the Fluid in 
the Du6t muft be equal thereto. Or thus ; The 
Velocity of the Fluid in the DuS at L, is to that 
in the Fountain at IK, as the Quantity of the Fluid 
in the Fountain is to that \in the Bu£l in given Al- 
titudes \ whence (from the Principles oi Mechanics) 
the Momentum of the Fluid in each will be equals 
and confequently an Equilibrium will enfue at c-» 
qual Altitudes K and L in both. (LXIX) 

(LXIX.) I. Since the Partides of Fluids are to be con- 
fider*d ,a8 fmall folid Bodies, they mofl obferve the fame Laws 
of Motion, and have their Momenta determined in the fam^ 
, Manner, as Bodies of larger Magnitude ; that is, hy the 
Majfts or ^antities of Matter dramm into their Velocities. 
ft. XVI. i. Now *tis evident the Velocities of the Fluid in the Re- 
l^ig. 5. fervoir AD, and in the Du6t SL» muft be as the Quanti- 
ties of Matter, or of the Fluid, contained in equal Altitudes 
in each, inverfetyi that is, as the Cylinder T VWL to the 
Cylinder ICDK. For when all the Fluid in the Cylindei^ 
ICDK b pafs'd into the Tube SH, it will fill a Space a- 
bove V W in that Tube, or make a Cylinder equal to the 
former. Now fince all Cylmders are as their Baiis and Al- 
titudes jointly ) if B be the Bafe, and H r= the Height or 
Altitude of the Cylinder ICDK; and ^, h^ the Bafe and 
Altitude of the equal Cylinder in the Tube above V W; 
then becaufe B x H = ^ x ^, we have H : hub i B, but the 
Altitudes H and h are the Spaces pafs'd thro* in the fame 
Time, and will therefore reprefent the Velocities of the mov- 
ing Fluid ; but ^ is to B as the Cylinder T W to the Cylin- 
der I D ; (for Cylinders of equal Altitudes are as their Bafes) 
therefore H : >^ :: T W : I D. Or the Velocities are as the 
Quantities of the Fluid contain*d tinder equal Altitudes in- 
verfely. 

3. Or it may be otherwife eafy to underftand that the 
Water can rife no higher in the Tube S H than in the Re- 
fervoir AD, bocaufe (fuppofmg the Dpdt every where of an 
equal Bignefg, and therefore EQ=TL} 'tis plain, if we 
continue F E to O, and RQ^to P j that then only that cy-' 

Hekcb 
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Hence wc have Conduits often fupplied with 
Witer from Springs which lie above them; and 
Cocks to fupply the Inhabitants of a Town with 
Water by Pipes of Conduct proceeding from a 
Refervoir in a Situation above the higheft Part 
of the Town (LXX). 

Undric Body of the Fluid in the Refervoir which ftands overthc! 
Orifice of the Du6l E Q^ that is, only the Cylinder of Water . 
0£QP can affea or prefs upon the Water in the Dud; 
for all the Fluid (befides this Cylinder) (hinds oyer, and there- 
fore preffcs upon the Bottom of the Refervoir, as C E and 
QD, and fo by equal Re-a6Uon has all its Force deiboy'd. 
The Water therefore will defcend through the Orifice E Q^ 
till by its PrefTure it has raifed a Quantity in the other Leg . 
SH equ^ to the Cylinders OQj-f- QJ^, and therefore to an 
equal Height) and thus the Preffure at FR and SG being 
equsll, there muft be an Equilibrium. 

4. That it ought to rife to the fame horizontal Level M Z 
in the inclined Tube SN, whether that Tube be le(s, having 
an elliptic Bafe whofe longed Diameter is S X ; or whether it 
be equal to the Tube SH, as having the fame Bafe ; or, laft. 
]y, if it be greater, as having a circular Bafe on the Diameter 
S G ; I fay, that in every Cafe it Ought to rlie to the fame 
Level Z M is evident, becaufe there can be no Equilibrium 
till the Preffure of the Fluid in each Tube, or On each Side 
the Bafe S X, or S G, be equal ; that fo, being contrary, they 
may dellroy each other. But there can never be an equal 
Preffure on each Side the common Bafe^ unlefs there be an 
equal perpendicular Altitude of the preffing Fluid on each 
Side, becaufe (as We have (hewn Jm^t. LIV.J the Preffure 
of Fluids on any given Area or Bafe is ever proportional to 
the Altitude of the Fluid, and that only. 

5. Hence it appears, that an Inflrument like this in ^e 
Figure may ferve very well to take a Level for a fmall Diilance, 
or to draw a Line truly horizontal ; for the two Points I and 
M will always be in a true horizontal Level or Line. But 
for this Purpofe the Tube SG (hould be at lead :| of an Inch 
Diameter, to avoid the riiing of the Fluid by Attraflion ; it 
ihould alfo move wtry nicely by a Joint fixed on to the Part 
FS. 

(LXX) I. Let AC DB be a Refervoir with a Duft or pi. XVIL 
Conduit-Pipc FK L> and at L turn'd off from the Perperdi- pjg g 

Hjence 
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Mence aJfo the Dcfcent of Water in Rivers^ 
Streams, and Ganak, from Springs and Sources 

talar to give the W^er by a Stop-Cock into a Ci&lBtn for thd 
/ Ufe of a Family. It is plain the Water will iiTue out from L 

^ith tlie fame Force as it would be made to rife to the Height 
L O, were the Tube or Pipe contimied upright to O ; for o«i 
One Side the common Bafe K, the Preflure (when the Cock id 
ihut) is proportional to the Altitude EK, but on the pther it is 
only L K ; the Difference therefore, £ I = L O, is the Forccf 
of Preffure by which the Water is protruded from the Cock 
at L. In the fame manner it is ihewn^ that the Force by 
which it is made to ipodt from the Cotks at M and K is pro- 
portional to the Altitudes H E and GE, or M O and N O, of 
the Fluid in the Refervoir above them. 
' 2. The liunmtig of Rhvers is upon the fame Principle as tk6 
Befeent of Bodies on inclined Planes % for Water no more 
than a Solid can mov^ on an kcHizontal Plane, the Re-a£Uon 
of fucli ^ Plane being equal and* contrary to Gravity entirely 
delllroys it, and leaves the Body at re(l i here we fpeak of a 
Plane of fmall Extent, and fuch as coincides with the curved 
Surface of fhe Earth. But if we confider a Targe Extent or 
IbngCourfe of Water, then we (hall find that fuch Water can 
never be atfefl^ but when the Bottom of the Channel coincides 
tMtry where with the carv'^d Surface of the Earth. 
PI XVII 3' ^^^ ADF be the curved Surface of the Earth, C its 
p.j* * Centre, C D, C E two right Lines drawn from rhcnce, and 

^' "' E G a Tangent to the E«rth in the Point D. Then *tis plain 
if BD'were a Channel of Water, the Water could not run, or 
move, becaufe they are every where at an equal Diflance from 
the Center C, and therefore equally a^eded by Gravity. 
But if there be any Place above the Surface of the Earth as E, 
where Water can be found, 'tis evident that Water can de- 
fcend in a Channel to any Part of the Earth's Surface between B 
and D, becaufe every Point in the Line E D is nearer to the 
Ceinre of the Earth, and therefore below the Point or Place E ? 
and its Vefocity will be fo much the greater as it tends to a 
Point nearer B, and iloweft of all, wheA it moves in the Di- 
redlion of the Tangent ED. 

4. Hence it appears that the Source E of all Rivers and 
Streams muH be more than a Semi-diameter of the Earth Q B 
diftant from the Centre C. And fmce all great Rivers run ta 
the S^a or Ocean where they difcmbogue their Waters at the" 
* Point D, the Line D C isa Semidiameter, and 3z: 4000 Miles 
nearly. Alfo the Gourfe of all long" Rivers being ta the Di- 

above 
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ftbove the common Surface of the Earth; and 
the Brealdng out of Springs at the Bottoms and 

tedion'of die Tuigent 9f iht Point D, if xhgy were repro- 
iented by the Tangent-Line £ B, then the Height of the 
Source £ aibove the com^iop ^wrbas of the Earth at B would 
be eafily found. Thns» fuppofe E D were the River Nt£tr 
in Africa^ wfaoTe Source is oione than 3060 Miles from the 
Sea ; but put £ D = 3000, and fince CD = 4000, we (hall 
have CE = 5000, and CE — CB = 1000= BE =: the 
Height of the Source. But fince we know of no Mountains 
above three or four Miles h]gh# it is plain the River l^'iger^ 
and all fuch long Rivers, are fo far from moving in a Tan* 
gent, that their Courfe muft be s^ nearly of the fame Cur- 
vature with the £arth's Surface, and inieniibly difbuit from 
it. 

« 5. Since Bodies move on Planes ever fo little inclined, ex« 
cept fo £ir as they are prevented by Fri6tion» fuid fince the 
Fridion of the Particles of W^ter among themfelves is incoQ- * 

.fiderable, it fellows that the Water fituated on a Plane ever 
fo little inclined will commence a Motion ; and if the Plane 
be coniiderably inclined, and the Qi^antity of Water great, its 
Velocity will be proportional, and its Momtntum fuch as will 
fpoti begin to wear away the Earth, and create itfelf a Courfe 
or Channel to glide in. In Rivers that are made, it is ufual 
to allow the F^ of one Foot in 300. 

6. If we allow the fame Dedivity to Rivers which make 
their cwn Way, then we find their Height at their Source 
above the conmion Surface of the Sea, as in Example of the 

Niger thus : As 300 : i :: 5280 : i^ is the Height at one 

Mile, or 5280 Feet. Then again fay. As i : i^ :: 3000; 
• 300 

ii!22ii322=: 5280x10= 10 Mijes, Fitw wh^nceit 

300 
is evident, that the Continents and Iflands ought to be much 
above the Surface of the Sea, to give a neceflary Defcent and 
Courfe to the Waters through them. 

7. Let ABCD be the Sedion of a Refervoir^ and BCIK y\. XVII. 
the Sedion of a Canal of Water fd^plied from thence, and p]g, i^^ 
A B N the horizontal Line. Now fince the Particles of Wa- 
ter arc governed by the common Laws of Gravity, the Ve- 
locity of a Particle at any Fart of the Bottom of the Canat, 

aa F or H, will be the fame as it would acquire by falling 

S on 
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on the ade of Hills, from Ciftcrns and Refcr- 
voirs ill the internal Parts above th^m, which re- 

throogh the perpendicular Altitu de O F or LH, (by Jhm^ 
'tat. XXVII. Art. 9 ) that is, as V^ ^ to ^/LH (^y ^Annota- 
tion XXVI. Art. 4.). Hence the Velocity oi the Streata is 
accelerated. 

8. For the fame Reafon tJic Velocity of a Panicle at the 
Bottom of the Stream H is to the Velocity of a Particle at 
the Top G, as v/LH to yMG; confequently the Stream 
moves with a greater Celerity at Bottom than at Top. 

9. The Quantity of Water which pafles through the Seftion 

* of the Stream ft G is the fame that paffes through the Seftion 
of the Refervoir BC in the fame Time. The fame may be 

"faid of any other Seftion FE ; therefore the Quantity of Wa- 
ter paffingby any two SeAions of the Scream FE and G H in 
the fame Time IS the fame. 

* 10. Since there runs the fame Quantity of Water by GH 
" as by FE in the fame Time ; and fince the Velocity at GH 

is greater than at F E ; and lalUy, fince the Breadth of the 

Canal is fuppofed to be every where the fame; therefore it 

\ follows, that the Depth G H muft be lefs than the Depth 

* F E, and fo the Depth of the Stream muft continually decreafe 
as it runs. 

II. As the Stream proceeds, the Depth HG decreafing, 
the Lines MG and LH will approach nearer to an Equality, 
' and therefore the different Vblocities of the Water at Top 
' ahd Bottom will approach much fafter to an Equality, as being 
' proportionate to the Square Roots of thofe Lines. 
. 12. This Approach to an Equality is much farther pro- 
moted by die upper Parts being continually accelerated by the 
lower, and the lower Parts retarded continually by the flower 

* Motion of the Waters above, incumbent and prcffing upon 
them." 

13'. Since the DifFerence of the defcending Velocities, or 
the. relative Velocities, are grcateft near the Beginning or 
Head of the Stream, the Waters will there fall or de- 
fcend with /the greateft Impetuofity, or caufe the loudeft 
Noife. 

1 4. In the Courfe of Rivers^ the accelerated Velocity is 
quickly reduced to an equable or uniform Velocity, by the Re- 
finance it meets with from the Bottom and Sides of the Chan-, 
nel, which Refiflance will be as the Squares of the Velocities, 
and therefore foon become fo great as to equal the accelerating 

ceivc 
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iwave their Waters from Rain^ Dcur^ condenfed 
tafmrsy mlted Smw^ Sic. diftilling or percolated 
through the Pores or Crevices and Chafms of the 
upper Partof the Earth (LXXI.) 

Force, and be eoihrniinieated to tfai^ middle Parts of the Stteanii 
caufing the Whole to move uniformly. 

15; Hence in Rivers di6 Motion of the Water it flowcft at 
the Sides and Bottom of the Chanel, becaofe there the Refin- 
ance begins, and is communicated to all other Parts* 

, 1 6. In different P^m of the fame River the uniform Velb* 
city is greateft where the Bottom of the Channel has the g^eat^ 
eft Inclination or Declivity, becaufe the relative Giavi^ of 
the moving Pricks is here greatefl. 

1 f. In thofe Parts of the River where the Velocify of the 
Stream is leaft, the Depdi of the Water is the grcateft, and^ 
^^ice *verfa : Becaof^ e^ual Qnantities pais thro* mieqiud Sec- * 
tions of the River in the fame Time. Hence alfo it follows^ 
that the Momenfumtof txsascan^ Water muft be every where tho 
famci or a given Quantity. 

(LXXI.j 1% Various have been the Theories^ or'iathef 
Hypothefes, relating to the Origin of Fountains, many of 
which have favoured fa little of Philofophy, that they (carce 
dcferve to be mentioned or confuted. Thofc who pretend to • 
€erive the Waters of Springs from the Waters of the Sea by 
fubterranean Du£ls,feem either wholly ignorant of the hydro- 
ilatic Laws of Fluids, or xefolved to maintain a Theory by 
meer Hypdtheiis. ... 

i. For let BC AF be a Part of the Earth't Surface dovcr'd Pi. J^th 
With Water at A3 fuppofe ABC a fubterranean Dudt, by Fig. ri* 
which the Waters defcend to the ifttemal Parts of the Earth 
towards B; if B be the loweft Point, or that neareil the Qen^ 
tre of the Earth, the Water will be forced to Hie from B to 
G by the PrefFure of the Water in the Part A B. But when 
ther Water is arrived .to C it will there Hop, and an Equilibrium 
will neceiTarily enfue {hcstn what we have fhewn in Jmutati 
LXX.) Confequently no Water can rife above C to the Top 
bf the Moiintaitt D fay thd Foree of Preflure; and we can 
ihew no other Power in Nitture to drive i: thitheri and there** 
fore ought to fuppofe none. 

3. They who advance the Capillary Hypotheiis^ or fup- 
pofe the Waters rife froni the Depths of the Sea thit>* the 
^roas Parts df the Earthy as h rifes in Capillary Tubes, ot 
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By the Preflure of the Fluid it may cafily be 
convey'd over Vallies and HiHs by bended Pipes 

Tubes of Sand or Afh^ fefem Mot tb coirfidttr one prindpal 
Property of this Kind of Tube, or this Sort of Attradlion; 
for tko' the Water rife to the T(^pof the.Tube or Sand, yet 
will it rife no higher, becaoie it is by^^ AttradUon of the 
Fails above that the Fhiid vk$p ^d where -that is wanting 
it can rife no &ithcr. Therefore^.tho" the Waters^ of the 
Sea may be drawn into the SubA^nc^ pf the Earth by'At- 
tra^bn» yet can it never. be 'r&ifed lyy th^ Bicans into a Ci- 
fkeni or CaFity to beoome the Sofstt^ of .f poptains. 

' 4. The true.Fnncipks which fupply the Waters of Foim- 
tains or Springs, are undoubtedly mlte^i Aifw, Ram-Water^ 
tiAt9ndhrfidVtf9Urs. Several haveimea^ed to folve the 
fh^monunem by Snow or Rain^ only; but others making an 
Bfttmate of the Qiautity of Ram mad Snaw« that falls in the 
^ace of a Year, to fee if it would t)e equal to that which 
the Rivers difcharge annoally into the ^ea, found that it was 
much ihort of that Quantity. 

y But that which was mod extraordinary was, that tlvey 
found by their Es^riments, that the Rain and Snow which 
Yell in one Year would not produce more than -| of what was 
laiied in Vapour; for by Experimcat it was found, that the 
Rab and Snow that fell in a cylindric Veflel, raifed a Co- 
lumn of Water about 19 Inches high; whereas the Water 
raifed in Vapour was yearly about 32 Inches Altitude. This 
grea^ Deficiency of 1 3 Inches plainly indicated another Way, 
by which the Waters circulated from and to the Sea. 

6. This (among many other Things) was left to the .Dif- 
covery of that iagacious Naturalift Dr. Halliy ; who being on 
the Tops of tl^ Mountains in the Ifle of St. HtUna (in 
South Lat. 16^} making his Obfervations for a Catalogue of 
the Southern Stars, (about 800 Yards above the Level of the 
Sea,) found that the Quantity of Vapour, which there fell in 
Dew, was fo great, as very much ixnpeded his Obfervations, 
by covering his Gkffiss over in 6 or 7 Minutes, even when the 
Sky was ctear. 

7. Upon this he was induced to determine by Experi- 
ment, the Quantity of Vapours raifed from the Surface of the 
Sea, as far as it arifcs from Heat; for other Caufes, as Wind, 
and the Warmth of common Air, contribute to exhale the 
Water, as the iame Gentleman found by making the Experi-. 
nent in a dofe Room, whcro 8 Inches Altitude of Water 

or 
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or Syphons, from Ponds or Refervoirs in a higher 
Situation ; which the Ancients being ignorant of, 

was exhaled in one Year; and *tk well known from commoa 
Obrervation, that a fh-Qng Wind will cany off a great Qoan- 
tity of Water in a few Roars time, as in the late Jmmary 
Storm feveral ihallow Ponds had all their Water blown 
away by the Wind in one Day. Alfo, we find by £x- 
perience, that one windy Day will make die Ways diyer 
after Rain, t^an 3 or 4 Days Sun fhine. 

8. But the Dodor*s Defign was to fee what Quantity was 
evaporated by the Heat of the Sun only. For this Pturpofe 

*he inftituted the Experiment in the following Manner: He 
took a VefTel of Water, and made it fait to the fame Degree 
with Sea- Water, by means of the Hydrometer. Jn this he 
placed a Thermometer, and by a Pan of Coals he brought 
the Water to the fame Degree of Heat with that of the Air 
In the hotted Rummer. 

9. This done, he affix'd the Veflel of Water, with the \ 
Thermometer in it, to the End of a Pair of Scales, and nice- 
ly counterpoifed it with Weights in the other; then at the 
Ehd of two Hours he found by the Alteration made in the ' 
Weight of the VefTel, that about the 60th Part of an Inch 
of the Depth of the Water was gone off in Vapour, and 

. therefore in 1 2 Hours, one Tenth of an Inch would have 

^ been evaporated. Note^ i z Hoars only are here allowed for 

the Time of Exhalation, that being the Length of the Day 

at a Mean ; and in the Night, as much, if not more Water, 

returns by Pew than is exkded. . 

10. Upon this Suppofition, every 10 fquare Inches of the 
Surface of the Water yields in Vapoor, fer Diem^ a cubic Inch 
of Water, which weighs 2534 Grains Trtyi therefore every . 
fquare Foot will yield i a Pint Wme Mesunre ; tvery Space 
of 4 Feet fquare, a Gallon; and every fquare Mile 6914 
Tons. A Degree fquare (reckoning 69 Bngiijb Miles to a 
Degree) will produce 33 Million of Tons; and if the MeiU- 
terranean be 40 Degrees long, and 4 broad (the nanow Parts 
compenfating for the broader,) which is the leaft that can be 
fuppofed, then will there be in its Surface 160 fquare De- 
grees, which will evaporate fer D/m, 5280 Millions of Tons 
in the Summer Time. 

1 1 . The Meditepranem receives Water from the follow- 
ing nine great Rivers, nnx. The Ibirui^ the Rhow^ the T^yhtr^ 

the Po^ the Danube, the Vdjter^ the Btyftbenes, the ftaudst - ' 

S3. were 
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were at vaft Fains and Expence very often to 
eSkit. Hence the running of Water through 

and the Ni/e ; all the reft being of n6 great Note, and their 
Water inconfiderable. Each of thefc nine Rivers (together 
with all the rmaller| are fappofed to bring as much Water to 
the Sea, as is equal to ten Times the Water of the Thames, 
at leaft. 

11. In order to eftimate the Quantity of Water, which 
jpaiTes daily thro' the Thamfs, the Dodlor affumes the Breadth 
of the River at Kingfton Bridge (where the Flood feldom 
reaches] to be 100 Yards, and the Depth 3; To that the^ 
8eA!on of the Channel is 300 fquare Yards, and allowing the 

^ Velocity of the Water to be at the Rate of 2 Miles per 
Hour, there will run in 24 Hours, the Length of 48 Miles, 
or 84480 Yards ; therefore 84480 x 300 = 2 5 344000 cubic 
Yards, which make 20300000 Tons which the River Thames 
yields fer Diem, 

12. Now e4ch of the above nine Rivers being fuppbfed to 
^ring ten tinaes as much as the Thames ^ will yield ao 3 000000, 
or 203 Millions of Tons, and therefore all the nine will iprp- 
duce 1827 Millions of Tons; which is but little more than 
-J of the Quantity (5280 Millions of Tons) evaporated every 
Day from the Sea. The | nearly of this prodigious Quan- 
tity oi Water, the Doftor allows to Rains which fall again 
into the Seas; and to the Rain imbibed \sy the low Parts of | 
the Earth, and fpent in Vegetation in general. 1 

13. The Quantity of Water cxhiaufted from the Medtter- ' 
ronean, being fo much greater than what is retum'd by the 
Rivers, is the Occafion of the Water's fetting in from the 
Ocean, to fupply the Deficiency, by a continual Influx or 
Stream, which before this Difcovery was quite unaccountable. 
Alfo, hence it appears, why the Cafpian Sea, tho' i^. receives 
the Waters of many large Rivers, is yet never liable to pver- 
flow ; bccaufe the Waters, brought in by the Rivers, a^c ex- 
hauftcd by the Sun, Wind, fcfr. Yea, the Difficulty is on 

the other Hand, fince the Exhalation is fo much greater than I 

the Supply by the Rivers, why the Sea dbes not appear di- ' 

minifti'd, or its Waters continually wafting f which Thing I 

]has never been obferved. ! 

1 4. The prodigious Quantity of Vapours rais'd by the Sun's 
* Heat, and 6t her wife, being carried by the Winds over the 

low Lands to the very Ridges of Mountains, as the Pyrenean, 
' ;he Alps, th<^ Jpeminey the Carpathian^ in Europe i %\ktTas»-Hs 

the 
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the bended Syphon accounts iot the odd Phaio- 
mcna of intermining and reciprocating Springs ; 

Cauta/uSf Immts and others in Afia ; Atlas y the l/lxmtes Lun/e, 
or Mountains of the Moon, with other unknown Ridges in 
Africa i I {ay, the Vapours being compelled by the Stream 
of Air to mount up with it to the Top of thofe Mountains, 
where the Air becoming too light to fufbiin them, and con- 
dexkkd by Cold, they precipitate in Water, and gleet down 
by the Crannies oFthe Stone ; and Part, of the Vapour en- 
tering into the Caverns of the Hilb, the Waters thereof ga- 
ther as in an Alemiic, into the Bafons of Stone it finds, which 
being once fiU'd, all the Overplus of Water that comes thi- 
ther, runs over by the loweft Places, and breaking out by the 
Sides of the Hills, forms fingle Springs. 

1 6. Many of thefe Springs running down by the Vallies^ 
between the Ridges of the Hills, and coming to unite, form 
little Rivulets, or Brooks ; many of thefe again meeting in 
one comiQOQ Valley, and gaining the plain Ground, being 
grown lefs rapid, become a River t and many of thefe being 
united in one common Channel, make fuch enormous Streams 
as the RJbine^ the Rhom^ the Danube, Sec, And it may al- 
moft pafs for a Rule, that the Magnitude of a River, or the 
Quantity of Water it difcharges, is proportional to the Length 
and Heights of the Ridges from whence the Fountains ariie. 
1 7. This beautiful Account of the Origin of Springs and 
^ Rivers has been received with univerfal Applaufe and Satis- 
fadlion in the learned World. I (hall now add a Word or two 
concerning the different Sorts of Springs which we find in 
divers Parts of the Country. But one Thing I fhall firfl re- 
mark, and that is, it has been afTerted, and often taken for 
granted, that there are Springs of Water upon the ovry Tofs, 
Summits, or bigheft Parts of Mountains ; which Pofition is con- 
trary to the Hydraulic Law of Fluids, by which they rife 
to the Level of the Fluid in the Refervoir, but no higher; 
and not only that, but it is undoubtedly faUe in Fafl : For I 
have myfelf examined mofl of the remarkable Hills in <^/r^;r, 
Surry, Hamfflnre, 'Buclanghamjhire, Berkjhirty Gloucefierjhire^ ^ 

Wilt/hire^ Somerfetjhire, and other Counties, but could never 
difcover any fuch Thing; tho* I often found them on the 
Sides, not fax below the Tops^ but low enough to account 
for their being there. And Mr. Cafwell carefully examine 
the Tops of the Mountains in Wales (at the Defire of a Friend) 
and cpuld find no Springy tl^re. I ihall therefore conclude 

S 4. and 
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and alfo' in that Inftrument call*d the Tanta- 
lus-Cup. The Rife of Water in Wells alfo 

there sever ym, nor can be» any Tuch Thing in Nature. 

17. The fevcral Sorts of Springs obfcrv'd *re (i.) commm 
Springs^ ^hich either run continnall^r, and then they are cali'd 
Perennial Springs } or elfe run only for a Time, or at certain 
Times of the Year, and thin they are call*d Temporary Springs. 
(2.) Intermitting Springs, ot fuch as flow and then ftt^, 
. , and flow and flop again, by regular Alternations or Intermif- 
fions. (3.) Reciprocating Springs , whofe Waters rife and fall, 
or flow,and ebb, by regular Intervals, or Reciprocations, of 
the Surface. All which are produced after die following 
Manner. 
PI. XIX. * ^^Ltt A B C DE reprefcnt the Declivity of a Hill, whofe 
Fie. I. Sediion, from Top to Bottom perpendicularly, is fhewnin the 
Figure; in which jet FGH be a Cavern or Bafon near the 
Top which collects the Water gleeting thro' the Crannies, 
and has a Drain or Dudl leading from H to the Side of tho 
Hill at B. 'Tis evident when the Water rifes to the Drain 
H» it will defcend thro* it to B, where it will break out in 
Form of a Fountain or Spring, and will continue thus, fo long 
as the Refervoir is fupplied with Water above the Level FH, 
i»nd after that it will become dry. Thus we fee a Spring 
may be generated near the Top of the higheft Hills or Moun- 
tains. Of this we have a notable Inflance near the Top of 
Landfio^am-Hill by Bath, 

1 9. There is one odd Phenomenon of fucli Springs that ia 
fometimes obferv'd, and that is, that th^ rstn in dry Weather, 
and are dry in *wet Weather; to account for which, we need 
only obferve, that while the Weather continues wet, the 
Waters are gathering imo the Bafon or Refervoir, till there 
is a fuificient Quantity to run over and make the Spring play, 
by that Time tli^ Weather is altered and become dry; du* 
ring the dry Weather, the Remains of the laft Rains (for 
thefe Springs proceed^ chiefly from Rain WatcrJ are contir 
nually teeding the Refervoir, and by that means fupplying 
the Spring, but by the Time thefe are all fpent, the Weather ' 
again alters to Wet, and tlie Spring ceafes of courfe, till it 
iaeets a frefli Supply from the preceding Rains, and fo on. 

20. The Intermitting Sprinos may be thus accounted 
for : Let I K L be a Cavity in the Mountain, to which at I there 

^# is a feeding Strcam'that brings the Water from other Parts, and 
at K, on the lower Part, there goes a Dud KiC, which 
is of a cu/^ed or crooked Form, and conveys the Water to 
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is owing to the Weight of that in the fub. 
terranean Citterns from whence diey are fup- 

the Side of the IfiD at C, where it breaks oat fn a Spring. 
Here 'tis evident, .that as the Water rifes in the Cavern, it 
will rife in the Dud at the iame Time, till the Surface of the 
Water IL be level with the higheft Part k of the Dud, af, 
ter which the Water will dcfcend from i to C, which Point 
C, being lower than the Orifice of the Du€t K, will exhauft 
the Cavern of all its Water, and then the Spring will (bp ' 
till the feeding Stream I replenifhes the Ciilem to the (ame 
Level I K, and then the Fountain will play again ; this fup- 
pofcs the Daft K C to carry off more Water than the other 
at I brings to the Ciftem ; and then every Thing follows 
from the Nature of the tended Syphon as cxplam*d in the next 



2i.TheREciyROCATiiroSpiixNcsareoecafion*dafterthsft 
Manner. Let M N O be a Ckv^y fupplied by a feeding Stream 
PM, andalfo by a Syphon KiO, which brings Water from 
another Cavity above, as |KL; tl^e Dud ND carries the 
Water to the Side of the Hill at D, and there makes a con* 
fiant Spring, by Virtue of a conilant Supply of Water, by 
the Drain P M. The Water at D will alfo flow and ebb al- 
ternately, for when the Syphon K i O works, the Surface of 
the Water MO will be fuddenly raifed, and prefs upon the 
Water at N with a greater Force, by whK:h Means it 
will ifTue out at D with a greater Velocity, and raife the 
Surface if confined ; but when the Syphon intermits, or ceafes, 
the Momentum of the Water at D is not fo great as before, 
and then the Spring will fmk or decreaie. 

22. Li like Manner we account for the riflng of Water 
in Wells. Thus fuppofe a Well be funk at the Foot of the 
Hill at £, to fuch a Depth £ V, as will bring the Diggers 
to an Eruption of a Spring at V» whofe Water is brought 
by the Dud R V (or many of them) from a Cavity QRS in 
the Hill, (or otherwise from a Pond, a River, the Sea, i^c.) 
Ws evident the Water in the Well will rife from the Bot- 
tom V, to an Altitude V T, where the Surface of the Water 
at T is upon a Level with.that in the Refervoir QS, an4 
thus coniHtutes a Well. 

23. Jfthofe Refervoirs of Water in the Body of Moun-r 
tains be iituated where Mineral Ores abound, or the Dudt 
or feeding Streams ran thro" Mineral Earth, *tis eaiy to con* 
ceive the Particles of Metal will mix with, and be« abforl;^'4 

plied 
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plied by proper Canals or Springs (LXXIL) 
From the Preffure of the fupcrior Fluid we 

by tbe Water, which being (atarated therewith, becomes a ^ 
Mineral Sfring or WtU, • If Salt, Sulphur, Limc-ftone, fafr. 
aboun4s in the Strata, thro' which the Water pajTes, it will 
then be faline, fulphureous, Lime- Water, (j'ff. If Sulphur 
^nd Iron, (hould both abound in the Parts of the Hill, whence 
the Waters come, the Waters will partake of the Warmth or 
Heat, which is occafion'd by the Mixture of Vtio fuch Sub- 
ilanccs in the Earth, where they are found. Now, tho' every , 
Thing may not happen precifely in the Muiner, as here re- 
pefi^hted, yet that it is in fome Way analogous to it, I believe 
no Perfon will doubt, who has been at the feck in Dirhy* 
Jhire^ or at IVookey-HoU in Somerfetjbirg^ and feen the won- 
derful Caverns, Receptacles and Streams of Water, which 
Nature has there fumiih'd in the Bowels of the Mountains. 

Scholium. 

24. I fee but one Objeflion which can be made to th^ 
foregoing noble Theory of Dr. Halley^ and that i», that aBo-» 
dy of Water heated to the fame Degree with the hotted Sum- 
mer Air will certainly evaporate more from a given Space in a 
given Time than the .deep Waters of the Sea, whofe Surface , 
only is afteftcd by the Heat of the Summer Air i and there* 
fore in all probability the Dodor's Quantity of Water raifed 
in Vapour was much too great. To which I anfwcr ( i . ) The 
Rivers are fuppbfed to return much more Waters to the Sea 
than they really do, for no one can imagine there can be 9a 
Times the Water of the Thames brought to the Mediterraneait 
by all its Rivers. (2.) The Doftor accounts for Springs by 
the Quantity of Vapour exhaled by the Sun alone, whereas if * 
we abate near half this Quantity, and take in what is raifed by 
the Wind ^nd Agitations of the Sea, together with the large 
Supplies from Rain, Melted Snow, £5*^. we fhall undoubted- 
ly find fufficient Matter for the Sources of all the Rivers an^ 
Springs. (3 ) As the Vapour is exhaled from the Surface of 
the Water only, it will be proportional to the Heat in the Sur- 
^ face only, which muft be nearly the fame for the mod: Part of 

the Day with the contiguous Air, and therefore the Cafe is; 
not fo widely different from the Dodlor's Experiment as might 
be at firft hnagined. 

(LXXII) The Nature of the hended fube or ^yphon (of 
which weiia^ve made fo much Ufe in the preceding Annota- 

liave 
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h^ve the Invention of a Natural Fountain^ which 
pJayinjg from the fmall Orifice of an Adjuuge 

tion) will eaiily apfiearby confidering it asfoUows. ABCD pi, XIX. 
is a Veffe], into which is infeitedat the fiottom a bended Pipe p|^ 2. 
B G H I K to reprcfcnt the Syphon. Now if Water be pour'd 
into the Yefiel, it will as it rifes in the Veffel rife alfo into the 
Pipe or Dud, till the Water in the Veffel be upon a Level FE 
with the upper Part Qroi the curved Tube ; what more is 
pour'd in after this will run over the Bend at G down the 
{ower Part G H ; and from the loweft Point H it will, by the 
fame Principle as before, be forced into the rifing Part H f , 
where at the fiend I it will again run over, and defcend thro* 
the Part I K, and at K it will run out, as being lower than 
the iievel of the Bottom of the Veffel C L. 

2. That the Pipe muft neceflarily be full to the fame Alti- 
tude every where as the Water fbmds in the Veffel, by the 
Preffure of. that in the Veffel^ is evident from what we have 
ihewn in Annotation LXX. And fince it can rife no higher in 
the Veffel than in the Pipe, and in the ^Pipe it can rife no 
higher than the bended Parts G or I, ' therefore it can rife no 
higher in the Veffel than thofe bended Parts of the Pipe. A* 
gain, becaufe the Preffure of the Air upon the Water at FE in 
the Veffel; and upon the Orifice at K is equal, therefore if 

,the Orifice K were in the fame Level with the Bottom of the 
Veffel C L, the Water, having the fame Altitude E B and 
ML; wou*d not run out at the Orifice L, but remain in Emit* 
librio with that in the Veffel. 

3. But, laflly, fince the Orifice K is below the Level, the 
Water at K will have a greater Altitude M K, and therefore ^ 
a greater Preffure, or Momentum^ and fo will prevail againfl 
the equal Preffure of the Air, and run out ; and will continue 
to run out, till all the Water in the Veffel be exhaufled, be- 
caufe the Preffvire of the Air upon the Surface F E will force 
the Water into the Pipe to prevent zFacuum, whicl) muft o- 
therwife happen in fome Part theteof, which is abfurd or con-* 

* trary to Nature. 

4. For fuppofe the Water were not to enter at B as fafl as 
it runs out at K; there muf(*happen a Separation of the Wa- 
ter in fome Part of the Pipe, as at I for Inffance ; then the 
Water running out at K will caufe the feparated Part to defcend 
from I towards L, and fmce nothing can get into the Space 
between the feparated ^Surfaces of Water at I and L, all that 
Space nuid be a pure Vacuum, and therefore the Water muft 

at 
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at the Bottom, will fpout very beautifully near- 
ly to the Height of the Water from the f oim- 

be at reflinthe !^ between B and i; dio* th6 Frefltveof the 
whole Atmofphere ads upon the Part at B, and nothing at all 
mt the Part I to refift or counterad it, which is contrary to the 
Mature or Definition of a Flttid» as hat been abundantly ihewn 
in Jiai9t, LIIT, and all the fubfequent ones. 

5. This bended Syphon is afually caird a Tant alus, froot 
the SemUance of rhe Experiment made with a Man in a Glaia 
totheCaieofT^fl/a/tt/inthftFable, who, according to the 
Poets, was Sentenced for his horrid and twnatural Crime of 
killing, boiling, and ferving up his own Son at a Feaft of the 
Gods, to ibmd in a River of Heil «p to his Chin in Water, 
which yet he is not permitted to fip to quench his eternal . 
Thirft. Now this TantMlus is the Man in the GUUs, with a 
Syphon conceal'd in his Body, beginning in the Bottom of 
one of his Feet, and afcendin^ to the upper Part of hi* Brcaft; 
there it makes a Turn, and <kfcends throi^h the other Leg 
on which he Hands, and from thence down through the Foot 
of the Glafs, where it runs out, and caufes the Water to fab- 
fide in the Glafs, as fbon as it rifes to the Height of the Sy« 
phon, or to the Chin of the Man ; and thus apdy expreflea 
the Fable. 

6. This Syphon may vety eafily be concealed atfo in the. 
Handle of a common Pint Pot or Cup, and then it is callM the 
TantalvsCvp : For the Top of the Handle being a little be- 
low the Top or Rim of the Cup, and the loweft Part of the Han- 
dle or Syphon below the Bottom or Orifice by which it com- 
municates with the Cup, will cauie the Cup to have the Pro- 
perty of emptying itfelf when filPd to the Brim ; as is eafy to 
imderdand from what has been faid above. 

Scholium. 

7. The Nature of this Syphon, or the hydraulic Law of* 
Fluids, on which it depexids, was not underftood by the An- 

. cients ; for though we read furpriiing Accounts of the Ratnan 
Aquaedufts and Pipes, by which they conveyed Water to the 
Dihance fometimes of five or fix Miles, yet we find no men- 
tion made of any other than horizontal and defcending Pipes 
or Duds, and never of any rifing or aicending. If the Wa- 
ter was to be conveyM where a Valley interpofed, they witfi 
gieat Expence and Labour conftnid^d a Water-Cour&.over . 
the fame, fupporringit with vaft Piles and Arches fometioies 

tain \ 
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tain ; but it cannot quite reach that Altitude, by 
reafon of ttje Air's Refiftance CLXXIIL) 

from the Depth of near an 100 Feet. Whereas a fingle Pipe 
laid over the Vale would have done the Bufineis moft effectual- 
ly. Jf a Mountain inteipo&d, we find they would fometimes 
carry thei^ Aquasduft through the very Body of it by Dint of 
Labour^ which iittly could not have boen their Qioice, had they 
known that a Pipe laid over the Top coming from a Rcfervoir 
of apfober Height would have anfwer*d the fame End. Such 
Rtefer^oirs indeed fuppofe the Ufe of Pomps to raife the Wa- 
ter into them; and Pumps they had <^ various Kinds, but 
coaM not apply, them for want of knowing the Theory. They 
who would acquaint themselves with th^ Magnificence of the 
JUmans in regard to their Water- Works and Aquxdufb may 
confiilt Frontims and othets^ who have wrote on this Subje£l. 

(LXXIII) I. The Theoty of Natural Bbuntains, or Jet pi, xiX. 
d'Bau'sy depends on the f0n:>wing Principles. It has been ^L -^ 
Ihewn, that Water cotoiegfrbm a Refervoir ABCD, through * 

the Pipe EFGH^ will tile from the loweft ParcG to the fiune 
Altitude H, in the Part GM, as is upon a Level with the Sur- 
face of Idle Water A B in the Refervoir: And alfo that ft 
thus rofe from the Point G by a Force of Preffure proportional 

. to the Altitude of the Water in the Refervoir, which is equal 
todie Altitude G H. Amot, LXIX. 

2. Now I prcfume 'tis very evident that the Tube G H it- 
felf can contribute nothing towards the Water's rifing in it; 
but on the contrary, it ra^er impedes the Afcent by the Fri- 

'fiion^it occafions to the Particles which move againft the inter- 
nal Surface thereof Therefore if the Part G H be taken away, 
the Water would rife to the feme Height H, excepting fo far 
as it is obfthrfled by other concurring Incidents ; for m all 
Fountains tfa^ Height G I is fomevmt lefs thAi G H, the 
IMght hi the Tube, for the fotlo^uig Reafons. 

5. Firfty The Air'sRcfiftanceis «n Obftraaion to the Jet, 
and dimhilBies. its Height ; and fince we know that the Re* . 
fitoice of Fluids is proportional to the Squares of the Veloci- 
ty, (.^arjiw/. LXVIII. Art.^) and the I>eficiency of Height 
H I i^ropordonal to the Refiftance ; therefore a Jet tha^ 
phys with a double Vdodty will haVe that Deficiency four 
Times as great ; and with three Times the Velocity, nine 
Times as great ; and fo oiu . 
4. Thle fecoad Impediment is the Friftion againft the Sides 

From 
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FHoM this- Preffure of Fluids, as the Catifo^ 
we can eftimate the various Momenta or Forces 
of feveral Jets fpouting through the Sides or Bot- 

of the Hole, and the Adjutage at G ; arid fincc this is in pro- 
portion to the Quantity of Suiface irf the Hole, it will be 
greater in a fmallhole than a large one^ in refpe^ of the Bo- 
dy of the Jet, or fpouting Water i becaufe the Jet will iji-« 
creafe in Magnitude with the Square of the Diameter of the 
Hole, whereas the Refiftance wiU increafe dnly with the Dia- 
xnetcr fimply. Or a Hole of twice the Diameter emits four 
. Times tlie Water^ an^ gives but twice the Refiftance. This 
jnakes a fmall Jet rife to a lefs Height than a large one, froin 
the fame Refervoir. . ^ 

5. A third Impediment arifes fromKence, that lince all the 
Particles fet out from G with an equal Velocity, and this Ve- 
locity is continually diniintihiog, it follows that the Velocity of 
the inferior Parts Is greater than the Velocity "of the Parts abov«e 
them, and therefore muH in fome Degree ftrike againft them ; 
by this linpulfe (fmee Fluids move every wav) die Partides 
will be urged fideways, and the Column of tne Jet become 
wider, and confequently (horter than it would otherwife be. 

6. The fourth Caufewhy Jets'do not rife to the Height of 
the Refervoirs, is becaufe the Water upon the Top of the Jet 
does not immediately run off, but fpreading into a Head, lies 
with its Weight upon the afcending Water below, and hinders 
it from riilng fo high as it would do* This will appear by in* 
dining th^ Jet a little, that the upper Water may not bear 
upon the rifing Stream, for the Jet will then play higher, bu£ 
be leis beautifuL 

7. If the Hole of the Adjutage G be lefs than J of an Ind^ 
in Diameter, the Force of the AttradUon of Cohefion will 
extend itfelf thro' the Body of the Jet at the Hole, and great- 
ly obftru£l its Afcent i hence the Rife of Jets in Models, for. 
Experiments cannot be expeded fo high as others, becaufe of 
the vexy fmall Holes made ufe of in uiem. Wheoee all Jets 
of larger JFountains (fuch as are in Gentlemens Gardens} ought 
to exceed \ of an Inch in Diameter^ and that in Proportion 
to the Height of the Refervoir, as will be ihewn hereafter. 

8. If the Conduct- Pipe £FG be not of a proper Size to 
fupply Water, as faft^as it can be expended at the Adjutage 
G, the Jet will likewife be checked, and will not rife to the 
full Height. To afcertain the Proportion of the Condu^b^ 
tipc to the Bore of the Adjutage, is th^ Bufmefs of Ex- 
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toms of Veffels at difFerent Depths below 
the Surface: For the Momenta of Fluids, as 
well as folid Bodies, is compounded of the ^tum- 

periments; and what 'h&s'^reTuIted from thenoe, ia regtrd to 
this Matter^ wtli be (hewn in a Table by aod by. 

9. And one Thing more is aeceffiuy to be known, that the 
Jet may play the highefl poflible, taz, that the Part of the 
Condud-Pipe at the Adjutage does not turn up at a Right 
Angle, but with a gfcnde ealy Cutvej that is, ndt as at G, 
but al at L, where the Jet plays to a greater Height at K. 
The upright Part at G direftly refifts the Water coming 
from F, where the Curve at L caafes the Impulfe of the 
Water againil it to be very oblique ; and therefore a lefs Pan 
of its Momentum will be deAroy'd, and coi\fequentIy the greater 
remaining Force will throw the. Jet the higher. 

10. From what has been faid in jfrt, 4. itacpears (c^au 
faribm) the Hole in the Adjutage ought to be made in a 
thin Plate of Brafs, and not thro* the Bore of a Tube of any 
Length, becaufe of the. Quantity of Surface in fuch an Ad- 
jutage-Piece, which muft greatly retard the Jet, and diminifii' 
the Height. This is a Fault which moll People have run into 
for want of an experimental Knowledge of this Sdence. For 
the fake of Beauty they fcrew on fuch a conical Piece as re- 
prefented at M, of an Inch in length, inilead of a Plate of 
Brafs, whofe thicknefs need not exceed the 40th Part of an 
Inch for very large Jets, and whofe Fridion will therefore be 
40 Times lefs. • - 

IK If the Jet be play'd from G, the Velocity with which Pl XIX. 
it fets out from the Adjutage, will be as V^ FC^ and throw Pig- 4« 
it to its full Height G C at once; but if the Pip^ defcends 
below F G to HI, and thence returns upwards again to the 
iame Level FK, and the jet be play'd from K, the Velocity 
with which it fets out from. K at firfl will not be the fame 
.as the Velocity from G, that is, it will not b e at V ^FQ» 
or • QH— FH, but it lyill be as • QH— V"!!!, whkh 
is lefs, and therefore the Height at firft will be only K L, 
from whence by Degrees it will rife to M upon the iame 
Level with C, fo that its lafl: .Height K M will be equal to 
the Height G C of the Jet from G. 

12. The Truth of the lad Article is thus d^mon toted. 
The Water in the Legs QJtl and IK are to be confider'd as 
two Non-ElaiUc Bodies whofe Momenta (being as the Pre£. 

titj 
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iity of Matter and Velocity \ but in fpoudng 
Fluids, the ^uamiij of the Fluid ifuifig tbrou^ 
tie fame Hole in the fame Time is always as the 

(me) are ^ the Altkodet QH^ ttod IK ; and liiKse both die 

Velocities and Oiiantities of Matter moved in a giiren Time, 
are as the Square Roots of the Altitude (as will be i hewn in 
the next Annotation) th erefor e w e hav e QH = 4/ QH x 
VQU, andIK=:i/'TKx V^TK, and fi^ the Diffc- 
rence of the Monnnta^ divided by the Sum of the Bodies, gives 
the Velocity after the Stroke (Jtm$t. XXIII. Art. 4.] which 

we wiflcallAT, therefore — ^2:= — ^ -= 

4^^ + • I K 

= * = l/^QH — 4/Tk, (becaufeVQHxV^QH-^ 

VTk x VTic = • QH + i/TK X • QH— •IkI 

which is the Velodty of the Water at firil fetting out 
from K. 

i 3 . But iince Fluids a$ not by a Angle Impulfe, as Sdlids 
do, but conftandy ; the Velocity of the Water at K will not 
be equable at firft, but accelerated for fome Time, that is, 
till all the Water in the Leg I K fliall be brought to move with 
the fame Velocity with that in the Leg QH when it comes to 
be nnifbrm : For as the Velocity in the Leg I K is accelerated, ' 
fo by its Re-a^on does it retard the Motion or diminish the 
Velocity of the Water in the Leg QJI ; but as it cannot to- 
tally deiboy the Motion of QH, that which remains muftbe - 
equable or uniform ; and what that is will eaiily appear if we 
only confider, that that Part of the Motion which is deftroy'd 
in QH by the Re-adion of the Leg I K muft be equal to its 
own Mommtwn, which is as I K ^ (becaufe Adion and Re- 
^ a^on are equal) therefore the rematning Mmenhim of QJH 
willbeQH — IK=QH--Fa=QF, wheieferedie 
laft Vdocfty wiM be as V QF, and therefore equal to duttat 
G, and fo carry the Water aa high rihat i9, the Jet will rUe 
fism L to M, as high as from G. 

14. Togiv^ an Exan^e : Suppofe C^H s: 25 Feet, F H 
x=:IK=:9; then QJP = (Qli — H F ::?) i6| xherefoie 
the firft Ve locity will be to the laft Velocity as l/"^ -^ 
1/ I K : l/Q H— IK (= %/^) ;: • 25 — 1/ 9 =;= 
J— 3 =: 2 : V 25 — 9 zz V^ 16 := 4. Confcquently the • 
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SCeletity of its Motkh^ as is cafy to conceive: 
Whence the Momenta of fpouting Fluids are pro- 
portional to the Squares of the Velociiiesy or Sluan- 
titles of Matter iffaitlg out in a given Time: But 
fince the Momenta are the Effedt of Preffure, it 
is evident, the Velocity ,, or Quantity of fpouting 

the Height of the Jet K L is to the height tt laft K M, as 2 
to 4. And thus you cAiry on the Calcalation for anjr Length 
Of the Leg I K wh^tfuever. ' 

15. I fliall hisre fubjoin a Table of the Height to which 
Jets will rife in Feet and decimal Palts from Riefcrvoirs of an 
Height of five Ftti to i jo Feet. 
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28,32 

29,16 

30 

30583 

3^63 

32,47 540. 

33.29 

34." 



.741 



>3 



36,55 

37;35 



59 



60 51,24 



J^t. 



50.49 



^Jet. 



4942^876756,3985 

5o|43"^- "' 

5J 

52145 
53 45: 



77^3>S4 
7864,24 



51,997964,94 
52,738065,64 
53,47 8j66;33 
54^20 82 67,02 
54,938367,71 no 
55,66 84 68;4cji2o 



69,08 

. T-j,65 68 57, 12 86 69^76 

144,426957,848770,47 

M97058;56887i,i4 

,967159,288971,81 

,727260. 9072,48 

5547.487360,719173,1^5 
5648,247461,429273,82 

5748,997562,139374.49 
[58 49'74l7^ 62,84194175, ie| 



95 

96 

97 
98 

99 

100 



Jet. 



30 
140 
150 



75»83 
76,49 

77.^5' 
77>Bi: 

7B.\7 

79,J2r 

91,86: 

97,99 
103,97 

1 07,8 7^ 



16. By various Experiments that ha^ been made by Mr. 
JUan'otte, Dr. Defaguliers^ and others, it has been found, Chat 
tftheRefervoir be five Feet high, a Cdndua-Rpe 1 | Inch 
Diameter will admit a Hole in the Adjutage from \ of an Inch 
to 1^ of an Inch j^ and fo on as in the following Table : 
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Fluids is evtr proportional to the Square Root of 
the Preffiire or Altitude of the Fluid (LXXIV.) 

Height of Diameter of the ^ Diameter of the 
. ReJer<voir. J/§utage. Pipes of Conduct, 

5 Feet —I to I I I Inch. 

I o i to i Inch 2 Inches. 

1 ^ , ^ an Inch 2 \ Inches; 

2o ■ 4 ^^ I'^<^h ■ ■ 2 2 Inches. 

2^ l^an Inch 2 | Inches. 

^o 1 to \ of an Inch — 3 Inches, or 3 |. 

I 40 \ of an Inch — ^ 4 \ Inches. 

50 \ of an Inch 5 Inches. 

60 1 Inch 5 finches. 

80 1 ^ Inch — 6 4 Inches. 

100 — — I ^ or I 4 Inch 7 or 8 Inches. 



1 7. Here the Jet is fuppofed to be within 1 00 or 1 50 Feet - 
of the Redervoir; but if the Conduft-Pipe much exceeds this 
Length, it mull be of a larger Diameter than what is here af- 
fign*d» Thus for Jets from \ of an Inch to^thofe of an Inch, 
and from Refervoirs from 40 to 90 Feet height, if the Di- 
flance be from 1 50 Yards to ^ of a Mile, the Diameter of 
the Pipe (hould be of 6 Inches; from \ oi 2l Mile to two 
Miles, it muil be of 7 Inches ; and from 2 Miles to 5, it 
moft be of 8 Inches Diameter for the fame Jets. 

18. If it be required to keep any Number of Jets playing, 
whofe Adjutages are given in Diameter, by one common 
Condud-Pipe, we muft find the Diameter of an Adjutage e- 
qual.to all the given ones. Thus if there be four Adjutages 
•of I of an Inch Diameter each, then the Square of | is -^^ 

which multiplied by the Number of Adjutages 4, makes !§; 
the Square Root of which is | = 1 1 = the Diameter of the 
Adjutage equal to all the four fmall bnes. A Pipe of Conduct 
pf 10 Inches Diameter will fupply all the Jets, as being a little 
more than fix times as great as the Diameter of the one large 
Adjutage now found. After this Manner the Dimeniions of a 
Conda^-Pipe may be found for any othbr Number of Adju- 
tages. 

PI. XVI. (LXXIV) To rcprefent thefe Propofuions in Symbols may 

Fi2. 6. render them more perfpicuous, and, perhaps, more elegant. 

* Therefore let Water fpout from the Side of a Veffel at two 

different Depths B and £ from the Surface of A ; the Momen^ 

Fr^h 
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t«*ROM hence it appears, that the Velocity of d 
Fluid [pouting at any Btpth belo^ the Surface^ is 
equal to the Velocity a heavy Body would acquire 
fy falling from the fame Height-, becaufe the Ve- 
locity, as was obferved, is always as the Square 
Root of the Space defcended through. If there- 
fore on the Altitude of the Fluid A K, as a Di- 
ameter, we defcribe the Semicircle A F K ; and 
from any Point therein, as I^ we draw the Per- 
pendicular I H, that fliall be proportional to th^ 
Diftance to which the Fluid will Ipout from an 
Adjutage at H: For the Velocity will be as th6 

turn of the fpouting Fluid will be as the Forcie which protrudes 
it, and this Force is eyery where proportional to the Altitude 
of the Fluid, therefore the Momentum of the ^ater at B and 
E will be as A B, and A E, which let be denoted by m and 
M. Then let 1; and V be the Velocities with which the Wa- 
ter (pouts i and q and Q^the Quantities of Water ifluing ou^ 
in the fanie Time from the Adjutages B and E, ^hen we fhall 

have mzzLvq^ and M = V Q. And therefore — = «i;, and 

2. Now the Quantity of Water fpouting from any Hole in 
a givfen Time muftneceflarily be as the Velocity with whicji it 
flows ; for the greater the Velocity, the greater will be the 
Number of Particles which come to the fame Point in the 
fame Time, Or the greater will be the Quantityof Water which ^ 
pafles by the Orifice of the Adjutage, as is very eafy to con- 
ceive ; therefore q : Qj: <» : V ::' ~ : — j confequently 
--- X f =: — X Qj or lAqq = m QCij wherefore ;» : M :: 

qq : QCi^(:: i/a; : V V, as is evident from the Proportiona- 
lity of the Roots ) Therefore alfo q : Q^:: ^ : V :: i/'m : 
VM :: •aB: VaE. 

3. Hence if AB : AE j: i : 4, the Velocity at E will 
double the Velocity at B, and the. Quantity of Water which 
flows from E will be twice as great as that which flows from B 

T 2 Squarji 
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Square Root of A H, and the Time as the Squafcf 
Root of H K ; whence the Produft of thefe two 
willexprefs both the Space paA*d over by the 
projeded Body, and alfo the Line Hi, as is well 
known to Geon^tricians. 

Hence it follows, that a Fluid will fpout from 
a Hde or Adjutage D in the Centre of the Semi- 
circle^ or middle Point of the Altitude A K, to the 
greateji horizontal Difiance K M poffible j becaufe 
the Perpendicular F D is the greatcft that can 
be drawn to the Diameter A K. Alfo *tis evi- 
dent, that from two Holes B and H, equally di- 

in one Minute, or any given Time. If A £ be equal to 
9 A B, the Velocity and Quantity of Water wifi be three times 
greater at £ than at B, ana fo on. 

4. Hence 'tis very evident the Velocity of a Spouting Fluid, 
and that of an heavy Body, which it acquires by falling from 

^ the Surface of the Water A to the Adjutage B or £ (in Vacuo) 

wi ll be botl^the fame, as being both equal taV^AB or 

•AE. Seey^«w/. XJCII. ^/.4. 

5. Hence alfo, if ABDE be a Veflel of Water whofe 
Sunace is A B, then a Parabola D C E defcribed on the Bot- 

PI. XIX. torn D£ and Height of the Water O C, will cxprefs by its 
Fig. ^. Ordinates /? f, df^ giy km^ ED, the Velocities with which 
the Water wiH fpout from the Vefel thro* Holes G, I, L, 
N, D, made in the Side upon a Level with thofe Ordinates 
reipedively ; becaufe thefe Ordmates are as the Square Roots 
of the Abfciffae Qb, Qc,Qhy bfc, that is, as the Square Roots 
of the Altitude of die Fluid above the faid Holes. Thus if 

C/ = 4C*, thenar :i/«:2 •xU : v" C7 : i : a :: Ve- ' 
locity of the Water fpouting from G to the Velocity of that 
Ipouting from N. And fo in every other Place. 

6. Hence, if A B the Axis of a Parabola be equal to i BC 
PI. XVIII. its greateft Semi-ordinatc, the Point B will be the Fmis, and 
Fig- I. BC the Semt-parameter of the Parabola. Now fince Water, 

or any heavy Bpdy, falling from the Height AB, or Water 
fpouting at the Depth A B below the Suff»[:e, will acquire at 
B a Velocity that in an uniform Motion will carry it over a 
Space equal to 2 AB or BC; and (ince in one Second of 

fiant 
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Jlani above and bel(m> the middle Altitude D, the 
Jets of Water will be made to the fame horizontal 
Difiance KN; becaufc the Perpendiculars to thefe 
two Points, viz. C B and I H, are equal. 

Moreover, the horizontal Diftance KM, to 
which the Water fpouts from D the Centre, is 
equal to the Diameter or Aldtude A K, or twice 
D F. For fmce the Velocity of the Jet at Q^ is 
equal to that acquired by falling through the 
Height AD, or D K, it will, as being uniform, 
carry the Fluid in an horizontal Direftion over 
twice the Space D K or DF in the fame Time: 

Time a Body falls through i6 Feet i therefore if .we divide 
^B into 16 equal Parts, and 6 C into 32, and Ordinates be 
drawn through every Point of Divifion in the Axis AB, and 
perpendiculars to the fame Point BC, then there will be exhi- 
bited at one View the uniform Velocities acquired by the feve- 
ftil Falls, or Jets of Water, from all Heights to 16 Feet. 

7. Thefe Velocities are cxpreffcd by the refjpedive Ordi- 
ndites, and their Meafure in Feet fhewn by the Perpendiculars 
in the Scalf^ BC on the Bafe. Thus, for Example, a Fall of 
4 Feet gives an uniform Velocity of 1 6 Feet per Second j a 
Fall of 9 Feet gives 24 ; and {o of the reft. Alfo the Time 
of the Falls, being proportional to the Ordinates, might have 
been exprefled by another Scale of 60 Thirds (equal to one 
Second) in the Bafe BC; but to avoid Confufion, I have 
given the Scale of Time upon the Curve of the Parabola: So 
that any Queftion relating to the TJrVnf, Velocity^ or Height 
of a Fall or jet of Water lefs than 16 Feet, may be readily 
folved by InfpeStion, and thsu ^o an Ej^dbieis fu%ient for 
the niceft Cafe in Pradice. 

8. After the fame Manner may a Parabola be conftru^ed 
for all Heights to an 100 Feet, but that I leave to the Reader, 
that which I have given bemg nearly fufficient foj all common 
Occafions. Such a Scale has been greatly wanting in Books 
of this Sort, and fuperfedes the Nece^ity of thofe large Ta- 
bles which we find in fome voluminous Treatifes of Hydrofia- 
tics ; as thofe of M. Belidor^ &c. Note alfo, the feveral Or- 
dinates of this Parabola exprefs the Lengths of a Cylinder or 

T 3 . And 



2jS Hydraulics. 

And therefore, fincc the Diftances of Jets fron^ 

' P and B are as D F to BC, and the Diftance of 

the Jet from D is equal to twice DF, the Di- 

* fiance of the Jet from B will be alfo equal to 

^wicc BC, orKN = 2BC (LXXV.) ^ 

Column of Water iffuing from an Adjijtage at any of thofe 
Depths in one Second of Time, as being proportional to the 
Velocity at each refpedtive Place. 

(LXXy.) I. Thj? Velocity of the Fluid fpoutingfrora B 
we have fhewn to be as i^ AB, and the Ti me i t takes in go- 
Pr. XVI. ^"g ^^ ^^^ horizontal Line will be as V^B K, becaufe that 
Fie, 6. would exprefs the Time if it were to defcend to K in the Per- 
pendicular BK, by -^»»<7/. XXVI. 4. And though it goes not 
in the Perpendicular, but is projedied from B with an Impetus 
in an horizontal Direftion, it will not by that means be any 
longer arrivij;ig to the horizontal Line, but pnly go in a dif- 
ferent Traft, as is evident from what has been faid in Jnnota- 
tion XXIV. Therefore the Time of its conning to th^ Ground 
at N will be as V BX, that is, as the Square Root of the 
Altitude of the Spout BK. . 

2. Now the Spaces which fpouting Fluids pafs over in an 
horizontal Direction mufl be coufider'd as uniform, becaufe it 
proceeds from a fmgle Impulfe 5 for a Particle of Water, after 
It has made its Exit from the Orifice of the Adjutage, is np 
more affe^ed by thePreffuie or Impulfe of the conmied Wa- 
ter, and confequently its Velocity in the Direftion BC will be 
uniform. But in all uniform Motion the Spaces defcribed arc 
as the Rectangle under the Times and Celerities, or as V^AB x 
V^ BK ; but this Reftangle is alfo as the Line BC. 

3. For let there be drawn AC and CK, 'tis evident the 
Triangle ACK is fimilar to the Triangle BCK, becaufe the 
Angles ACK and CBK are right, and the Angle CKB is 

PI. XX. common to both ; therefore AC : CK :: BC : BK. In the 
Fie I ^^'"^ Manner we (hew the Triangle A C K is fimilar to the 
^* * Triangle ACB; therefore alfo A C : CK :: AB : BC. Con- 
fequently, AB : BC :: BC : BK; therefore A B x B K = 
BC\ AndfoBC = i/ABxBK = i/ABx V'TE. 

^. Now becaufe the Space the Fluid defcribes according to 
(he Horizon, and the Line BC, are Ipoth proportional to \}^ 

I SHAl4l« 
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I SHALL, only obferve farther in regard. to 
ipouting Water, . that the Jet will go farther 
through the bare Hole in the Veffel at P, Q, or 

faixi!? Thing, </. e. to V^'AB x i^¥K) therefore they mt^ 
alfo be proportional to each other ; mi fo the horizontal Dif- 
tancc of any Jet, as B, will be in Proportion to the Line BC ; 
and the Jet from D wHl be proportional to the Line DF, and 
fo on. 

5. If now D be taken in the Centre of the Circle AFK, 
the Velocity at D would (as being uniform) carry it through 
twice the Space AD == 2DF =: DP in the horizontal Di- 
reftion or Line DP, as is evident from Jnnot. XXVI. 7. bc- 
traufe the Particles of a Fluid obferve the fame LaWS of Mo- 
tion with larger Bodies. Confequentty, though the Fluid ^oeis 
not in the Direftion or Line DP, it will go to the fame 
Diftance from the Perpendicular DK on 'the Horizon; be- 
caufe D K = A D, or the perpendicular Spaces, and confe- 
quently the Times of the Fall, are equal. Whence, becauie 
^e horizontal Didances defcribed by Jets from D and 6 are 
as DF and BC, and the horizontal Diftance of the Jet from 
Di3 2DF;^DP==:KM, therefore the horizontal Diftance 
of the Jet from B will be equal to 2 BC = K N. 

6. From what has been hitherto faid„ 'tis eafy to obferve 
that the Motion of a fpouting Fluid is every way fimilar tQ 
that of a projefted Solid. The Path of the Fluid is a Paia^ 
bola, becaufe it is impelPd by two Forces, one horizontal, 
the other of Gravity in th« Perpendicular, in the fame Mai^^ 
ner as was (hewn of the projected Solid. The Impetus ot 
the Jet B, D, H, E, is the Height of the Refervoir AB, AD, 
AH, AE ; the greateft horizontal Random KM is that from 
the Jet D, direded to the middle Point F of the Semicircle ; 
and any two Jets equally diftant, as B, H, go to the fame 
Diftance KN on the Horizon. If the Adjutage be horizon- 
tal, the Jet will be a SemJ parabola ; if oblique, it will be a 
wiiole Parabola. All which Particulars were obferved to be 
the Properties of the Motion of folid Projefliles ; a Jet of 
Water being every way the fame as a Dif<?harge of fmall 
Shot. 

7. But to apply this more particularly: Let ABCQL be p, ^^ 
a Fountain and Condudl-Pipe with an Adjutage Moveable oi\ t.. ^ 
a Joint, tobefct in any Pofition ; as perpendicular, as at I; "^'S* ^ 
oblique, as at K ; or horizontal, as at L. In the firft Cafe 
a Jet will play upright to D ; the Height of which Jet ID is 

T4 R. 



iht Arf.^/«.r or the Mcaftre of the Force of the Machme to 
t^SthcFluT If the Adjutage be phced obliquely, a, 
Tk the Jel oV Water will be tie Parabola KFH; but if 
pjaced hon'zfentaJJy, as at L, it will form the Scmi-parabolk 
t N. f^ow in this latter Cafe it will be L M : M N :: M N ; 

51^ 2= Latus Reaum of the Parabbla LN when com- 
LM 

pjfcated. 

8. But it has been fhewn, thar the IjHpetus I D, or Force 
by which the Parabola* is defcribed, is equal to mt Fourth Fart 
of the Laftts ReauMy {Annot. XXXIII. 12.) therefore it wfll 

M N* 

^!\Vays be ID= _-j- ; confequcatly^ 4 L M : M N :; 

MN : I D. So that if we fee a Jet of Water at any Time, 
and would know the Height of the Refervoir whence it 
comes, wt can eaSly find it by the Proportion above, bccaufe 
the threo firft Terms are always given by Meafuremcnt. 

9. By this means alfo we can eflimate the Force by which 
ifly Fluid is projedled, where no Refervojr or PrclTurie of 
Fluids is concerned, but the Adion of Solids ; as the Force 
by which the Urine is protruded'; tne Force of Rcfilition iii 
the Blood fpouting from Veins and Arteries in Bleeding ; the 
Pjrce by which the Chyle afcends from the Rtceftaculum by 
the Tholracic Dud to the Left Subclavian Vein^ or by which 
the Blood afcends from the loweff Parts of the Body to the 
Hbart. In Ihort, nothing in the Animal Occonomy can be 
well underftood but by an Acquaintance with the Hydraulic 
Laws of Fluids : For an Animal Body is the moft curious and* 
Compounded Hydraulic Machine in Nature. 

10 A fignal Example of the Ufe of Hydraulics in this R»- 
fped I Ihall produce from the admirable Experiment of 
Dr. HaUs in his H^cmc.fiatics, The Dbftor caufed a Mere to 
be tied down alive, and laid open the Left Crural Artery, in 
which he infcrted a Brafs Tube, and on that fix'd a Giafs 
Tube ; and then cutting the Ligature oh the Artery, the Blood ; 
rofe in the Tube in an Iniiant about 4 Feet, and continued to 
fife till it attained the Height of 8 Feet and 3 Inches, In a 

the 
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the contrary, if a Pipe be inftrted perpetidiculaf- 
ly into the Bottom of a Veffcl, it will difcharge 
itfelf fooncr through it, than through the bare 



Gelding he t/ied the Tame Experiment, and the Blood rofe to 
the Height oif g Feet 8 Inches : This was in the fame Artery 
as before. In another Mare he £x'd a Pipe and Tube into an 
Incifion of the Left Jugular Vein, and the Blodd rofe to 4^ 
Feet ; and then he fix'd it in the Left Carotid Artery, where 
the Blood rofe to 9 Feet and 6 Inches/ In an Artery of a 
Doc it rofe to 4 Feet 2 Inches ; in a Dog, to 6 Feet 8 Inches ; 
in a Sheep, to 6 Feet 5I |nches; and he conjedures that it 
will Very probably rife in a Man to the Height of 7 Feet and 
6 Inches. 

II. Now to eftimate the Force with which. the Left Ven- 
tricle of the Heart (of the firft Mare) propellM the E!ood> 
the Do&or found by means of injeded Wax, that the Capa- 
city of the Ventricle was 10 Cubic Inches, and the Surface 
on the Infide was equal to 26 Square Inches ; alfo the Area 
pf the greatefl Sedlion of the Ventricle from Jpex to Bafe was 
6,83 Square Inches: Confequently the whole Preifure upon 
the internal Surface of the Ventricle was equal to 26 x 114. 
=; 2964 Cubic Inches. (See Jnftot. LV. 10, 11.) Alfo the? 
Weight or Preflure downwards was equal to 6,83 x 114 = 
778,63 Cubic Inches, that is, to the Height multiplied by 
the Area of the greatefl Sedibn 6f the Ventricle. 

12. Now a Cubic Inch of Blood weighs 267,7 Grains; 
wherefore 2964 x 26 7, 7 = 113, 22 Pounds Averdufois^ al- 
lowing 7008 Grains to a Pound ; which therefore is the Force 
df PrefTure upon the Surface of the Ventricle when dilated. 
Again, 6,83 x 114 = 29,7 Pounds = the Force of Weight, 
or the Momentum of the Blood which the mafcular Fibres of 
the Ventricle muft refiH in fupportiag fuch an Altitude of 
Blood, on fuch an Area of Bafe. 

1 3. The Velocity of the Blood entering the Aorta is thu$ 
computed: The Ventricle each Syflole throws oat 10 Cubic 
Inches of Blood, and the i^rea of a tranfverfe Sedion of the 

Aorta at the Heart is 1,036; therefore =9,64lnches 

= the Length of the Cylinder of Blood formed in paffing 
through the Aortal Orifice at each Syftole of the Ventride« 
The Ventricle contra6led> or the Pulfe k the Horfe beat 36 

^ Hole; 
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Hole i and ftill quicker as the Pipe is longer and 
larger (LXXVI.) 

times in a Minute, or 2160 times in an Hour; but 9,64 x 
2160 = 20819,4 Inches, or 1734,9 Feet, would pafs in an 
Hour, if the Time of the Contraftion of the Ventricle were 
equal to the Time between two Pulfes : But it is but a third 
Part of that Time; therfefore three times 1734,9 Feet, or 
5204,7 Feet, will be the Velocity /^-r Hour, or one Mile near- 
ly, or 86,7 Feet /^r Minute. 

14. But this Velocity is abated by the Diyifions and Sub- 
divifions of the Artery into numberlefs Branches, fo that la 
the fine Capillaries it mud be nearly deflroy'd^ did not other 
. Powers take place to continue arid • augment it j fuch as the 
Re-a6lion of the elaflic Coats of the Arteries, the Attraftioa 
of Cohefion, and perhaps an eledb-ical Virtue ariiing from 
conftant Attrition^ and extended through all the I'ubular 
Compages. , 

(LXXVI.) I. Let AB be a Veflel 'fill'd with Water, it 
will run out at the Bottom through a Hole with a Velocity at 
firft proportional to the Height A C, which will conllantly de- 
creafe with the Altitude till the Veflel be emptied. If ano- 
Pl. XX. • t)ier Veflel NK, equal to the former, has a Tube inferted at 
fig 3* ^)^^ Bottom, as LM, the Water will begin to run out at M 
with a Velocity proportional to IMj the Veflel NK will 
therefore be exhaufted fooner than • the Veflfel AB. If ano- 
ther Veflel EH be of an equal Diameter witl\ tKe Veflel N K' 
or A B, and equal in Length to the VeflTel and its Pipe, thq 
Surface of Water in each will begin to defcend with equal Vc^ 
Ibcities ; but that in E H will foon become greater than that 
in N K, becaufe of an equal Altitude of the Water, and a 
freer Exit at the Bottom, as having no narrow Tube to re- 
tard it. 

2. The Theory of Water running through a Hole E F in 
P%- 4- the Bottom of a Veflel A BD C is of a curious Confideration, 
and may be thus explained. AB is the Surface of the Water ,j 
or Diameter of the Orifice of the Veflel ; and fince the Water 
muft move from the Surface to the Hole E F, it muft move in 
a Body of a particular Figure AMEFNB, which is aill*d 
the Cataraa of defcending Water. Now the Nature of the 
Curve AME or BNF is thus determined. 
. 3. The Momentum of moving Water is every where the 
fanie, {Anmt. LXX. 17.) ^/z. at AB, MN, o r EF j alfothe 
Velocity at MN or EF is as l/HK or V^HG, {Annota- 

II. Th5 
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II. The fecond Caufe of the Rife or Motion 
pf Fluids is the Prejfure of the Air on thc^ Sur- 
face of that in the Fountain or Refervoir. Thus 

Hon LXXIV.) If now we take MN as an Ordinate to the 
Curve AME, aqd put MR=jr, and HR= x; then fioct 
the Quantity of Water Rowing by M N in a given Time is as 
the Area of the Se^ion or Square of its Diameter, ws. M N*, 
which is as yy^ and alfo becaufe the Velocity is as V^HR.=: 
^^ X , therefore the Momentum of the Water will be jry x i^jrT 
And becaufe this is every where the fame in the moving Ca- 
tara6l, the Quantity jp* x V^ jf is given or conftant ; and fo 

y^ ^/ X = I, and • ^ = ~, whence xz=: ^ i which 

yy y^ 

(hews the Curve AME, is an Hyferhol.id of the fourth Or- 
der, whofe Afymptotes are X I parallel to the Horizon, and 
I G perpendicular thereto. 

4. To find the Quantity or Magnitude of the Catarad we 
proceed thus ; let mn be drawn infinitely near MN, tjien will 

Rrrrir, and becaufe* ==-7, wehaveAr = — ^^=: 1/ 

y y y^ 

^:zRr. The Area of the Circle upon the Diameter M N is 
tyy, hxitfyyxx=pyyx—y =z — -jf^ — W^^y 

2p 

s= 2/ jr-* = -i- =1 C =: the Cataraft : But becaufe x == 

yy 

— = — X -J ; therefore xyy rz — , confequently z xfyy 

^P 
=; — i- :=: Cataract ; but 2 jf =: 2 I R, and ^y y is the Area 

yy ^ 

of the Circle M N. Therefore the whole Cataraft from aii3r 
Se^ion to the A fy mptote XX, is equal to a Cylinder whofe 
Bafe is the Sedion of the Cataract, and its Length twice the 
tfeight of the Cataradl. 

5. Now 'tis very evident from what has been faid of the 
Nature of the Curve Y A M E, that as foon as the Water be- 
gins to run out at E F, there will be at that Inftant a Velocity 
in all Parts of the Cataradl even in thofe of the Surface A B. 
For let A = Area of the Circle upon A B, or Orifice of the 
"VefTd, and a = Area of the Hole E F ; V == Velocity of the 
Water in pafling thro' the Hole, and a; =r the Velocity at the 
Surface A B. Then becaufe it is A-v rr a V; we have 

if 
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if a. Syphon or Crane be impierfed with the 
fhorter Leg in Water, and the Air fijck'd out of 
the Inftrument, the Fluid wiU afcend into the va- 

V : *» :: A : ? ; therefore vrhatcvcr Frdpoitidn ath^s to A, the 
ikme Proportion will there be between nt and V. Sa that till 
A becomes infinite, or till A B coincides with X X^ there will 
always be fomc Degree of Velocity in the Surface of the Wa- 
ter. But ivhen A is infinitely greater than a, v will be infi- 
nitely le& than V, that is nothing at all. 

6. Since the AJ^mptote XIX (or the infinite Sur&ce of the 
Water) is the higheil Part of the infinite Catarad, and where 
the Velocity commences, it is evide nt the Velocity will be in 
all Parts below as at AB, EF, as V^ FH and VTG ; con- 
fequently the Velocity of the Water is difiFerent from that of 
Bodies falling froto the Height of the F luid, f or of fuch a Bo- 
dy the Velocity at EF would be as V^ H G, and at A B it 
would be nothing. 

7. Let G H = H = the Height of the Water in the Vef- 
fel, and IH=:g;, then wiH H + g= I G. _And fo V ' 
a;:: A:a:: l/lG:i/lH::t^H-f.K :l/«; or V» 
*i;* :: A* : a* :: H-j- 2 : « ; whence, by Divifion of Propor 
tion, wchave H + x ; H :: V* : V*— ^* :: A» : A*— a' 

r , « . r^ V* H A* H 

confoquently H+ « = I G= ^7-— 7 = j^-^. 

8. According to Sir I/aac Nenoiaa Bodies fidl in Vaaui at die 
Rate of 193 ^Inches, or 16 | Feet, the firfl Second^ which 
Velocity becoming uniform will carry a Body over twice the 
Space in one Second, i;/«. 32 1 Feet. But uniform Veloci- 
ties are as the Spaces deA:ribed by th^m in the fame Time ^ 
and the lad acquired Velocities of falling Bodies are as the 
^fsare Roots of the Spaces defcen ded thro i^h ; therefiMc 

3^1 ; V :: V^TSl - ^'^ or • - ^l ", > Wherefore 

A -"" a 

^-— - =V=: 8,02773 1/ I G, or &,02773 ^^ a^— a^ 

^A* H 

Feet, or 96,33276 V^ —5 ; Inches /^ Second. 

A — — a 

9. When A is very great in refpcft of a, then a* may be 
rejcded as inconfiderable ; and fo the Exprcffion will be re- 
duced to 8,02773 ^H Ftet, or 96,33276 V^H Inches, foi; 

CUOUS 
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tlious Space by die Preffure of the Air on the 
Water in the Veffel, and fill the whole Cavitj^ 
of the Tube j and bccaufe there is a greater Co- 

th€ Velocity of the efflaent Water per Second. Boc (as Sir 
I/aac NewfoH found, and is eafy to obferve) this Velocity is 
tibt fo gfeat in paffii^ through the Hole in £jq>eriaici^, as the 
Theory gives it : The Reafon is, because the Vein of effluralt 
Water rcontradls itfelf, and grows narrower to the DiiUnce of 
about a Diameter of the Hole below it ; where^ by meafuring. 
Sir J/aac found the Diameter of the Vein to that of tht Hole 
as 21 to 25 ; whence the Area of a Se6lion of the Vein there 
will bejo the Area of the Hole as 44.1 to 625, that is, as i 
Xo\^ 2} confequently, the Velocity of the Vein is to the A- 
rea of the Hole as V^ 2 to i in that Part, becaufe of equal 
Momenta in both Cafes. 

• 10. Hence, if IGz=48 Inches, and the Diameter of the 
Hole 1 Inch ; then 48 -}- * = 49 Inches will be the Height 
from the Place where the Velocity is greateft. Now the na- 
tural Velocities acquired by Water defcending fieely, from 
the Heights of 48 and 49 Inches, are as 69 to 70, and there- 
for^early equal : Confequently, the great Inequality of i to 
V^ 2 , or the Diminution of the Velocity in the Hole, muft 
be owing to the Retardation occafion^d by the lateral Water 
refiiling in fome meafure its perpendicular Defcent. 

1 1 . Hence the Velocity of the Water in the Hole is very 
nearly equal to that which would be acquired in defcending 
through 41^9 becaufe the Velocity acquired by defcen^^ing 
through I IG is to that acquired by defcending through IG 
as I to 1^ 2 . Whence the Velocity in the Hole is to be di- 
miniflied in the Ratio of i to ^2 = 1,414. Thus, as 
1,414 : I :: 8,02773 • S*^773 ? an^a* i.4H • » " 96,33276: 
68,1 278 ; fo that the true Velocity of the Water in the Hole 
is 5,677 3 VS Feet, or 68, 1 2 78 V^H Inches ^Second. 

1 2. We .obtain an ExprefTion of the Velocity alfo in other 
Terms, thus : The Quantity (Q^of Water difcharged is greater 
in proportion to ^e Area of the Hole (a), the Velocity (V), 
and the Time (T) wiuch it fpends. Therefore Qj=: T V a ; 

and fo V = ;^ = 68,1278 V^H ; and confequently Qj=? 
X a 

68,1278 TaV^ii. Or, bccaufe_a = 0,785398^^, there. 
^ Qj=^ 53,507476 if^Tt^H Cubic Inches of Water. 

lumn 
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lumn or Body of Water in the longeft Leg, it 
will preponderate and defcend through it; and 

And becaufc a Cubic Inch of Water weighs 2 5 3| Grains^ 
the Weight of the Water difchargcd will be W =: 
13555,32 ^^Tt^H. 

1]. Siippofc a Veflbl 10 Inches fquarc, 4 Feet or 48 
Inches high, and having an Hole at the Bottom i Inch fquare. 
Then will A = 100, a = i, and H = 48 ; alfo A* = loooo, 

a , r A* lOOOO , . , 

a* = I, and fo :=: = 1,000 1, which may 

A* — a^ 9999 ^ 

be rde£led as inconfiderable. Wherefore 68, 1278 V^H nf 
472 Inches f/ere) the Velocity of the ifluing Water per Se- 
cond. 0^== 100 X 48 =4806 Cubic Inthes: Whence 

1-^ = -^r= T =z 10 Seconds, the Time in which fuch a 
472 V 

Veffcl would difcharge a Bulk of Water equal td its own Bulk^ 
if kept continually full all the while. 

14. Now bccaufe, when a is given, Qzz TV ; and wheii 

Q^is given, T V = i, and T = ^, and V= -jj^ ; itisplain 

all thefe Cafes are the fame with thofe of Bodies moving nni- 
formly, as in Jnnot. XXII. And fmce V is a given Quanti- 
ty when it increafes or decreafes in a given Ratio, therefore 
the above Theorems will be equally adapted to the uniform- 
ly accelerated and retarded Motion of Bodies, whether folid 
or fluid. From whence we can eftimate the Time in which 
the ^boremention'd Vcifcl full of Water will be difcharged 
by its own Gravity only. 

15. Thus 'tis evident, that Column of Water that Hands 
over the Hole will defcend alone through it in ^^ a Second, 
becaufe Bodies Ml at the Rate of 4 Feet in 4 a Second, and 
that is the Height of the Column. If the Veffel contains any 
Number of equal Columns befides, the Time of their Eva- 
cuation will be proportional ; that is, Qjvill alvyays be as T, 
becaufc V in aU Cafes (uniformly decreasing with the [^H) 
Square Roots of the Altitudes) is a given Quantity 5 and be- 
caufc there arc 100 fuch Columns in the YeiTcl, it will re- 
quire 100 Half Seconds, or 50 Seconds, for the Time of the 
Difcharge. This would be the Time, were the Water to fct 
out with the Velocity of the Defcent from the Height of 4 
Feet : But fmce the initial Velocity is Icfs than that in the 
Proportion of 1 to V' 2 , {Jrt. 9.) and fmce the Times arc 

Will 
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Vill keep flowing out, till the Veffel isexhaufted 
to the Orifice of the (hortcr Leg (LXXVII.) 

The EfFeft of the Common Pump is from 
the fame Principle : For the Bucket or Sucker, 
raifing a Column of Water above it in the Bar- 
reU makes a Vacuous Space, or greatly attenuates 
the Air in the Barrel and Pipe below it -, whence 
the Water muft ncceflarily rife in the Pipe, by 
the fuperior Preflure of the Air on the Surface 
of that in the Well. The Water afcending in 
the Pipe, paffes through the Valve in the Bot- 
tom of the Barrel, which Ihutting upon the De- 
preflion of the Sucker, the Water is thereby 
forced through the Valve of the Sucker into the 

inverfely as the Velocities when Qjor the Qaantity of Water 
18 given, (^r/. 14.) therefore as i : >^ 2 =: 1,^14 :: 50^ : 
70/7 = the true Time of the Difcharge. 

(LXXVII) I. It has l^en akeady (hewn, that when a Sy^ 
fhon is nril filVd with, and then immerfed in Water, it is the 
FreiTure of the Air that caufes it to continue full, and that it 
runs out of the longer Leg by the Preponderancy of Wa- 
ter in that Leg. (Annot. LXXIJ.) I Ihall only add here, that 
when the Air is drawn out by the Mouth- Piece, the Preflure 
of the Air on the Surface of Water in the VefTel caufes it tQ 
rife into and £11 the Syphon ; to evince which, we need only 
put a Syphon, while working, under the Receiver of an Air- 
Pump ; for upon exhaufling all the Air, the Syphon will ceafe 
running, 

2. Or if the Syphon be equicrural, or has both the Legs 
ef an equal Length, the Water will not run through it, be- 
caufe the Force of Water againft the Air at each Orifice is 
equal* The fatoe Thing will be efFefted with a Syphon of 
unequal Legs, though the ftiorter Leg be immerfed in Water, 
if the Syphon be fo inclined that the Orifice of both Legs be 
on the fame horizontal Level. I need not after this give the 



\ Reafon why the Water will not run out pf th^ fliorter Leg, 
« if the longeft be placed in the W^er^ « 

I Ciftern 
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Ciftexn of the Pump, and difcharged through 
the Spout. All which is clearly fliewiL by the 
' Model of a Pump in Glafs (LXXVIIL) 

(LXXVIII) I. i fhall here give the Theory of Pios^- 
Worky and the Stru£lure of fuch Pumps as are found to bef 
^oiib.ufeful for the various Pur|$ofe8 of Life. The Theoi^ 
depends in a great l&eafure upon thofe Properties of the in- 
verted Syphon, or Fountab, defcribed in Anmt, LXXIII. 
Art. II, 12, 13, 14. Let ABCDEPG reprefent the in- 
verted SyphOB there defcribed : Onlv here the Pgrt ABCJ? 
reprefents a Column Of Air, and D6 the lower Part of the 
^pe of a Ptenp immerfed in the Water of the Well HI. 
X^t P be^the Piilon of the Pimip at £ io its low:eft SitSatioa, 
and at F in its higheft. Now as both thefe Parts communicate 
with the Water, one by prciling on it, the other by opening 
into it, they may be look'd up(ui as ^onuncnicadng with one 
another.. 

2. Now A B Q the Column of Air; would by its Weight 
Or Preffure force up a Column of Water into the Pipe DG to 
the Height of 3 3 Feet :w.ere the Air exhaufted from the (aid 
Pipe, and, continued to tihat Height; (cfae Weight of a Co- 
lumn of Air being ^e^inal .10 the Weight of fuch a .Column of 
Water of the fame Bafe, as will be mewn hereafter.) If now 
the Pifion P be thus tkruid 4own to £^ meetii^g tht Water 
there^ and from thence it be raifed to F with an umArm Mo- 

" tion, the Water will rife from E to follcfw the Pifton with at 

ioriable Velocity ; th e \e2St of wh ich is as V^ AC -7- i^DE, 

and thegreateftas VaC — DE == V^XB, (by Annotation 
XXIV. 12.) 

3. If in lifting up the Pifton the Velocity of Water be lefs 
than that of the Pifton, it will not be able to follow it, but 
will leave a void Space between them, which will increafe 
more and more as the Velocity tA Water betoiiies lefs than 
that of the Pifton. The Confequence of this will be, that 
a Part of the Stroke of the Pifton will be loft i and not only 
that, but the Pifton, when the Water leaves it, will rife very, 
hard, as' having a Weight of Water upon it, and the Air of 
greater Denfity above than below ; whence the Equilibrium, 
which ought to be in Pumps, is deftroy'd, and the Balance 
againft the Workman. Now as this can happen where the 
Diameter of the Sucking-Pipe is equal to that of the Pump- 
Barrel, much fooner wfll it happen when the Pipe v lefs thari 
the Barrel^. becaufe the Water riiing through a Icfi Paffage will 

Thb 
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til. iV. But the moft cohfiderable of all 
Water-Engines is that caird New^^am'sEn- 

ie longer in filling the Pump-Barrel, and therefore quit the 
Pifton, and leave the greater void Space between. 

4. On the contrary, if the leaft Velocity of Water riiing 
in the Pipe be greater than that of the Pifton,' there will be no 
void Space ; and the Pdmp-Barrel may 6e inade in proportion 
as much wider thail the Pipe as the Velocity of Water is grea- 
ter thah that of the Pifton. Now that this may be the Cafe, 

we (hali fhew by C^culation what Diameters the Barrel and PI. XX, 
Pipe ought to have compared with the Velocity of the Water Fig. 5. 
^nd Piflon. Let A repnefent the leaft Altitude of the Atmo- 
fphere A C = 3 1 Feet of Water ; B = D F the higheft E- 
levation of the Pifton above the Surfece of the Water H I, 
which let be 16 Feet. And let the greateft Velocity of the 
Pifton which can well be given to a Pump be that of four Feet 
in a Second =z *v ; and V =: the leaft Velocity of Water that 
rifes in the Pipe ; D :^ the Diameter of the Barrel ; and i/=s 
Diameter of the Pipe. 

5. Now here we have Va '-- i/'B = V n= the leaft 
Velocity of Water ; and the Fall which will.produce that Ve- 
locity is the Square of that Expreffi on, viz. A -f B — zV^AB, 
that is, 3 1 -f" > 6 -- 2V 3 1 X I o := 2 Feet 6 Inches,the Height 
of tlte Fall requirect. Whe reas by the common Way of t3c- 
ing the Square of V' A — B, viz, A — B for the Height, we 
have 1 5 for the Fall, which extraordinary Error muft be of ve« 
ry bad Confequence in Practice. 

6. Here the Velocity •"a — ^ Bz=: V^ 3 1 — i^Te =' 
5,6 — 4 = 1,6 p£r Second. The Velocity of the Water at 
the Bottom of the Pipe D is as t/ A 1= 5^6 ; that alfo muft be 
the Velocity of the Pifton at D, that the Water may follow.it j 
whence the Pifton moving with thfe fame Velocity at F, where 
the Velocity is but 1,6, w^ have 5,6—1,6 = 4 Feet of void 
Space, therefore 4 Parts in 5,6 of fach a Stroke would be loft 
or incfFedlual. We may here obferve by the Way, that fiac^ 
the Velocity .of the Water at D is 5,6, and the greateft Velo- 
city wliich can be given to the Pifton (withoujt damaging the 
Machinery) is but 4 ; therefore a Pifton working at the lower. 
End of the Pipe or Barrel will always have. Water more than 
enough to prevent any void Space or Lofs of Labour. 

7. Butfince we find fo great a Void in the Pipe at F of the 
fi{m^ Diameter with the fifton, 'tis evident if we conttadl all:. 
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gine, from the great Improvements which Mr. 
Newjbam made in it : the Nature and EflFeft of 

the Part below F into a final! Pipe as/* D. and let the Part FG 
remain as it was for the Barrel for the Pillon to play in, as at 
FG» that then the Water will rife into the Barrel FG with a 
greater Velocity than before, m proportion as the Pipe is lefs t 
confequently ifibt Bore of the Pipe FJ} heio tbatgf tb$ Bar-^ 
nl FG, as the Vekcip of thePifttm P, 9r the Water in tU 
Barrel « to the Velocity of the Water in the Pipe, there will al- 
ways be a Sufficiency of Water to prevent a Faenuim in the Bar- 
rel. Which Rule in Symbols is thus expreisM ; DD : dd zi 

V : V ; whence D* v = //* V for a general Canon ; any 
thr^e of whid^Qjiantities being given, the fourth may be found. 

8. Thus, for Example, fu^fe D, v, and V were given to 

find y, we havei/=, — z=^. Let the Diameter of the 

Bairel D = 6 Inches. And fuppofc the Pifton gives 20 Strokes 
in a Minute, each a two Foot Stroke, Spending as much Time 
in its Afcent as Defcent, then will the Motion of the Pilton be 
80 Feet per Minute, or 1 1 per Second j whence v= i-J. 
^ Laftly, to obtain the Value of U, we muft fix on the Length 
*1 VV ' ^C ^® ^^P^ ^^' ^^ch let be 16 Feet, then the higheft Elc- 
ri. AA. nation of the Pifton will be 1 8 Feet iif it comes to the Bottom 
'^g 3- of the Barrel, as it ought to do ;) wherefore an Height of Water 
of 1 8 Feet in the Pump G D aas againft the Weight or Height 
3 1 Feet in the Leg A C. Now the Velocity V of the Water 
in the Pipe F D being uniform, or confbmtly the fkme, wtf 4 
muft find what Difference of uniform Velocities will be gene- 
rated by Falls from 3 1 and 1 8 Feet Heights. Thus V^Tbl • 32 :: 
, . i^3i : 43-nearlyj and i/i6i ^ 3^ :: VTs : 32! 5 whence 
the Difference of thefe uniform Velocities will be 43 — 32 f 
= 10 J= 10 Feet 3 Inches/^r Second { therefore V= 10 ^ 

Wherefore _—.=;= ^ = a t\, Inches for the Diameter of 

the Pipe FD. 

'7' The Reaibn why we make no Ufe of the Expitffion 

• A C — • D F m this Cafe, is becaufe this gives only the 
Difference of the inftantaneous Velocities, or the leaft Velo- 
city with which the Water at F can begin its Motion upwards, 
whereas we here want to find wha: the conftant and uniform 
Motion of the Water will be, or how much it will fuprfy 
evBiy Second unifonaly, which is done by the Method above. 

which 
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which will be cafily underftood from a perpendi- 
cular Seftion of a Modpl, whh fome Variation , 



For fince a Pall of 167 gives an unifonn Velocity of 32 Feet 
fer Second, a Fall of 31 Feet willgiTe43 ; thus a Fall of 18 
Feet will gi<ve 32 \^ and their Difteience muil be t(at of the 
Water at F. 

18. If we know the Velocity of the Pifton v^ the Diame- 
ter of the Barrel D, and the Diameter of the Pipe, d^ we 

ihalllbd the Velocity of the Waterin the Pipe V = ^^; 

da ^ 

or thus in Words, Multiply the Square of the Diameter of the 
Barrel by the Velocity of the Pijton ; £<tn^ the Produa by the 
Square of the Diameter of the Pife^ the ^tient nxnll he the Ve- 
iocity fought from the Water in the Pipe. This Velocity whoi 
found muft be uken from 43, the Remainder 43 -^ V will 
be the uniform Velocity produced by a Fall firom the higheft 
Situation of the Pifton to the loweft Surfice of the Water in 
the Well, ;uid which is foond by faying, as 32 : ^ 16-J. :: 
43 — V : y/'D¥i whence DF the higheft Elevation of the 
Piftqn will be known. 

19. When we know D, V, and d^ we find v the Velocity 

Wdd 
of the Fifton by this Theorem -=rr^ =*i/ ; that is, in Words, 

Multhly the Square of the Diameter of the Pipe by the Veloeitf of 
the IVuter in it^ andtSfvide the ProduS by the Squareofthe Dia» 
meter of the Barrel, the ^tient is the Velocity of the Piftou re- 
quired. 

20. Having given the Velocity of the Water in the Pipe 
V, the Diameter of the Pipe ^the Velocity of the Pifton v, 
to find th e Diam eter of the Barrel D, we have this Theoren 

D =: • -^; that is. Multiply the Square of the DioMetir 

*u 

of the Pipe by the Velocity ofiti Water , and dknde that Prtd^ 

by the Velocity ofthePtfton j the Square Root of the Quotient it 

the Diameter of the Barrel fought . 

21. If a Piilon works in a Bamel or Pipe A D of the fame PI. XX. 
Diameter from Top to Bottom ; then we can find the Height Fig. 6. 
to which the Water will rife at every Stroke of the Pifton phiy« 

ing at any Diftance above the Surface of the Water BD. Thus» 
let £ be the loweft Part to which the Pifton comes, and lee 
Eb=: 12 Feet Diftance from the Water, and fuppofe its 
Length of Stroke E F = 4 Feet. Then when the Pifton 19 

U 2 whiclr 
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which I have made in the Strudure thereof. The 
Motion of the Water in this Engine is efFcftcd 



•o*' 



- at E, the lower P^rt of the Pipe E D is fill'd with Air of the 
fame Dtnfity or Spcing with thie common Air, which call S ; 
when the Piflon m rais'd from E to F, fo that F D= 1 6, two 
* ££fe6b will follow ; one is, the Air will now expand itfelf in- 
to a larger Space beneath Vhe Pifton, and have its Spring wea- 
kened ; the other is, that iince the Spring of the Air in the 
Pipe is leiTenM it will prefs lefs on the Sur&ce of the Water 
in the Pipe thaii ;the external ^ir preiTes on that without, the 
Water will rife fo far into the Pipe, till its Weight, together 
with the diminiihM Spring of the Air be equal to the PrefTore 
of the external Air. 
' 22. Suppofe the Water rifes toe; callits Height CD=;p5 

then the Space into which the Air is expanded will be F C =: 
16 — X. Let its Spring thus diminifh'd be caird s ; then the 
Spring of the Air being inveriely as the Spaces which it takes 

up, we have S : i :: 16 — xi 121 therefore = x. 

16—-* 

The Weight of a Column of Water 32 Feet high is equal to 

the Preflure of the Atmofphere, that is, equal to S ; whence 
o „ 

32 : S :: ;r : — = the Weight of the Water x. But this 

32 
added to the weakened Spring of the Air is equal to S ; that is, 

12S i S^ -, , t. .,. • « . *2 , *• 

-^ 1 3: S j and, dividmgby S* we have 1 , 

\6—x ^32 >*f 6 / > ^ — x~ %2^ 

Pi YTY 

j^i. AiA. «_, . or384+i6jif— **=5i2— 32*';or;r* — 48;^= 

'^^Z' S* — - 128, and by addingj on each Side the Square of 24 (to 
compleat the Square) we have ;r^ — 4^^*^ 576= 576 — 
128 = 448, andextrading the Root, ;r— - 24= =t= V^ 448 
= =±: 21,166. Wherefore Ar= 2,834 = DC, the Height 
of the Water required. 

23. This Height taken/ from 12 =; ED j leaves EC = 
9,166, and calling the whole Height to i whidi the Water will 
rife by the firfl and fecond Stroke together x ; we fhall have 

this fecond x determiri'd by the Equation -^ — -— — =1 , 

i6 — x 32 

inveftigated and rcfolved as before. For fince the Water C D 
cannot recede (by reafon of a Valve below) when the Pifton a 
fecond Time comes toE, ti^ Valve in the Piilon will be o- 
pen*d, and the Part EC igain fiird with common Air; 
whence S : / :: 16— ;r : 9,166, fisff. as before. The E- 

, by 
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by the Pr^Jfun of the Atmofphere^ by the Force of 
Piftons^ and by the Spring of condenfed Air^ in the 

qaation refolved gives x = ^,098, from which taking the 
firflAT =: 2,834, there remains 2,264, ^^^ ^i^^ Height it rifes 
the fecond Stroke. In the fame Manner we cakola^e that the 
* Water rifes 

Firft Stroke 2,834 ' ' 2,834 

$:cond 2,264 — 5,098 

Third — 2,025 7»i23 ^ 

Fourth 2,043 9,166 

Fifth 2,413 ix?579 

Sixth — 3,620 1 5* 1 99 

24. But to f^ve the Trouble of a Calculation every Time . 
we would And x for the various Heights of the Piflon, let us 
raife a general Theorem for all Cafes; thus let ii = the 
greateft Elevation of the Pifton, h = leaft, a — /& = / = the 
Length of the Stroke, and h = Height of a Cojumn of Wa- 
ter equal to the Weight of the Atmofphere 5 then the forego«> 

ing Theorem will become f- r= *» and fo « * — 

tf — — X b 

x'^ -^-hh-zzah — xh\ or ax^ hx-^xxz::,ah -^bb;^ 

ph; putting ' z=i, we have isx-^xxznpbi and 

changing the Signs we have xx — isx-zz — phi and com- 
pleating the Squa re, xx — zsx -^^ ssziz ss — pb ; and (q 
;jf — J =; =+= \^ ss — pb j and finally x =1 =*=; >/ss -^p b 

25. Now this general Theorem finds not only*, but any 

of the othpr Quantities, having the reft given. Thus fuf^fe 

the highett Elevation of the Pifton be 16 Feet:=tf, it= 32'j 

and I would raife the Water the firft Stroke iQ Feet : Quaere 

a + b 
p the Length of the Stroke ? Here * =: 10, and / = 

= 24; thenabovewtf had 2j;ip — xx-^ph^ whence^=; 

2 S X ~~~ XX 

—7 — ' — = 11,9, or near 12 Feet for the Leng(h of the 

Stroke required. 

2^. Since after every Stroke or Afcent of the PiftQn, the 
Air in the Barrel is in a dilated State ; and fmce when the Pi- 
fton defcends the Water by its Tendency downwards carries 
down the Valve at D, and by this Means cats oif the Com- 
mupication oi the Air at D, and fupports the Column of rais'd 

U 3 following 
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Pl.XXIII. following Manner, viz. When the Pifton R is 
Kg. I. raifcd, a Facunm would be made, in the Banel 

Water» ^tb plain the- Vtlve in 0ie Socket of the PiAon mJl 
it aJk&sd on its opper Part by the Weight or Spring of the 
oeminon Air^v and oa the under Side by dbe Spring of the di* 
lated Air only ; and therefore upon the Defcent of the Pifton 
the Valve of the Bucket will not rife but comprefs the inter- 
nal dilated Air into a Space gradually lefs till its Spring by tha( 
Means comes to be equal to that of the external Air, and then 
as the Pifton defceods it will fufter oo fertlier Compreftiony but 
fbrce up the Valve, and make its Efcape. 
• 27. Thus for Example, by the firft 'Stroke (in Jrf. 23.] 

the Water roie 2,834, which fubftradted from 16, leaves 
1 3, 1 66 for die^Space into which 1 2 Feet of Air was dilated* 
Now its Spring being weaker than that of the external Air, 
upon the Defcent ofthe Pifton, it will be comprefs'd into the 
former Space of i z Feet before it can recover its former 
Spring, the Pifton will then have de(|^nded through 1,166 i 
and hace the Stroke is 4 Feet, and the Air will now be no 
finther comprefs*d, therefore 4 — 1,166 = 2,834 will be 
the. Quantity of A«r which will make its Efcape through the 
Valve of the Pifton ; which in this Cafe is equal to the Co- 
lumn of Water raifed. 

'28. The Pifton being now again at E, upon its Afcent, it 
will permit the Column of Air £C ='9,166 to expand itfelf 
^itoaSpace =16 — 5,098 =: 10,90^ ; and upon defcerid- 
ing it will compreis the Air again into 9,166 Feet, befeie it 
can efeape. To do this the Fifton muft defcend through the 
^ce=- 1,736; and therefore 4 — 1,736 == 2:264 wthe 
Quantity of Air that will be exhaufted the 2d Stroke ; and the 
Column of remaining Air E C will now be 9, 1 66 — 2, 264 =: 
6,902 Feet. ' And in this Manner are the Numbers found hr 
every following Stroke. 

29. Hence 'tis eafy to obftrve, that whenever the Space 
^o* which the Pifton muft pais in its«Dcicent to reduce the 
internal Air, by CompreffiOn, to a Denfity* or Spring equal to 
the external Air; I fay, when this Space happens to be greater 
than thie Length ofthe Stroke, there can no Water rife in the 
Pomp ; becaufe in that Cafe^ the Air will be no farther able to 
make its Efcape thro' the Valve of the Sucker, by reafon of 
the greater Prefture of the external Air upon it. 

30. When this is the Cafe of a Puro'p, let je be the greateft 
Height to which the Water can be raifea in it ; when the high- 

; tv. 
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T V, did not the Water follow it from the in- 
ferior Canal EM (through the Valve H) which 

eft Elevation of th^ Pifton is a^ the lowed h^ the Height of 
the Atmofphere b^ and a — ^=/ the Stroke of the PiAcn, 
^ before. Then when the Pifton is down, the Space in which 
the Air is containM is h — xi and when up, ic is expanded , 

into a — Xi its Preffurc is then^j -^^ Part of whatitwas 

a'-^x 

before, that is of the Atmofphere ; the Weight of the Water 
being the other Pgrt, «w«. jj and both together bcmg equal 

to the Atmofphere, we have -f- >-= > > therefore bh-^ 

a — X b K 

hx'\'ax — x^'=zab-^bx\ or, ax-^x'^'ZS^ab — bb^z=:fb» 
And. changing the Signs, x^ — axz=. — pbi and compleat- 
ing the Squar e, x'^ — n^x •^^aaz^.^aa — p bj wherefo re 
jpr-rif^l^iatf — pbi therefore Af= ztzV^iaa—^i^-l- 

31. Hence jf the Stroke of the Pifton and its Height a« 
bove the Water be given, we know the gr^teft Height tq 
which the Water can rife, and confequently, if fuch a Pump 
can be elfedual. For Example, let « = 28, ^ =: 25 $ then 
^=^3, and put i& == 32 ; then x == =±1 ic -)- 14 ; that is, the 
greateil Height to whidi the Water can rife =: 14 — 10 = 4 
Feet; for the other Root, 144- 10 =: 24, is impoffible, be* 
caufe all Heights between 4 and 24 will be too great. 

32. Again, fuppofe ^ = 24, ^=20; then, ^=^4, and 
i&=i:32; ;r=:=±=4+i2, that is, xzziiz — 4=8Feet, 
the greateil Height. If g = 20, ^=16, ^ =24; then w e 
ihallhav e;y= =±=4/^d[^ — fb + iaz:zi/ loo — 128-f. 
ID = V^ — 28 + 10 • Now the fquare Root of a negative 
Quantity being impoifible, (hews the Cafe in Queftion has no 
Place in Nature, or th^t here is no Space between x, and the 
loweft Situation of the Pifton. ^lor can there ever be any 
when p b is greater then iaa, the Water rifi ng to the P iftog 
in ajl thofe Cafes. When ^aazzpb, then V^ ^aa -r-pbz^i o j 

and;r = i«; and in this Cafe, ^ = ^-—, or ^. Thus if 

« = 16, i « = 8, == ;r, the greateft Height the Water will 

rife to, and/=i^= — = 2 Feet, the Length of the 

Stroke. U 4 rifes 
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rifcs through the Glafs Tube EF immerfed iii 
the Water of a Veffcl by the Preffurc of the At- 

33. From this Thcortm we learn this general Rule coij- 
te|Ding PumpSy Ti^at 1(0 Pnmp can nufe Wqter^ but luben the 
i^tg%h of the Stroke of the Pifion exceeds the Square of the higheji 
Elevation ' of the Pifton divided hy 1 28. Thus if that Eleva- 
tion be 16 Feet, the Square of that is 2 j6» which divided by 
128, quotes 2 ; therefore the leaft Stroke of file Pifton muft . 
bp greater than 2 Feet. If the Elevation be 20 Feet, then 

iox 20 = 400, and -!^=: 3,13, which Ihews the Elcv^-' 

I 2 o 

tion of the Pifton muft he in that Cafe greater than 3,13 
Feet. If the Elevation be 12 Feet, then 12 x i2=:i44« 

and -^= 1,12, which is lefs then the leaft Length of the 

Stroke of the Pifton. And thefe Things, I think, finifti the 
I'heory of Pumps! ' 

34. I ftiall now proceed to the Defcription of two or three 
moft ufeful Pumps, but iirft give an Account of that^Sort of 
Valves which I find are exceeding good, and ought io be ufed 
in Pumps and all Kinds of Water Engines ^vHerfe Valves areJ 

pl. XX. tteceffary. Let AB CD be the Bucket of a Pifton, or any 

Fie. 7- other Part where a Valve is required ; in the Middle there f^ 

. ' 2t circuliir but tapering Hole from Top to Bottom, in which 

is fitted ;he tapering or conical Piece EFGH, with a Piece 

IK to be {crew'd in and out of the bottom Part HI. It is 

" to be (crew'd out, when the faid Solid EG is put into its 

Place or Hole in AC ;*and afterwards fcrew'd in, when the 

Whole together appears as in the Figure L M N O. The 

Piece E G now becomes a Valve, or capable of permitting 

the Water to afcend, and to prevent its Defcent. 

35.* That the Water pufhing agajnft the Bottom of the 
Valve will raife it upwards, is evident from the conical Form 
thereof, and its lyjng in the Hole only by iis own Weight ; 
the Length of the Key at K bejpg fu^cient to permit fuch a 
' Rife of thf Valve, as will admit a Space between it and the; 
FFole for the Water to pafs as freely as i-equired : And, that 
•' the Valve may not be thrown quite out of the Hole, the 
eroi^ Piece I is added, of a greater Length than the Diame- 
ter of the loweft Part of the Valve. 
' 36. If the Valve EG and its Socket AC be of Brafs, and 
i^fted, by grinding them with Emery firft and Pu(ty afterward^, 
with a Drill- Bow into each othpr, they will not only be Water- . 

mofphere 
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jwofphere on the Surface thereof. The Water 
of the Barrel TV, by the Depreffion of the Pi- 



tight, bat jcven Air-tight ; and that too if but flight]/ touched 
with fin^ Emeiy or Putty ; for if they arc ground taa Poiiihy 
the Attradion of Cohefion will take place^ and prevent the 
Valve from rifing fo freely as it ought to do ; yea, fomedmcs 
thofe Sur&ces have been found to cohere fo flrongly, that the 
Force of the rifing Water could net overcome it: But all this 
will be prevented, and every thing fu<;ceed to one*s Wifh, 
if they are mafie as above direded, as I have learnt by long 
Experience and trying every Way. 

37. TheCoMMON Sucking Pump' (as it is callM) isfo PI. XX. 
far defcribed in the Theory, that fcarce any thing more can Fig. g. 
be fiud to explain it. However, I have given the Figure of 

fuch a Pump, in which A is the Ciilem, A B the Barrel or 
PJpe (landing in the Water £F, the Pifton GD with its Bucket 
and V^ve D, and the Valve C open for the Afcent of the 
Water through it. 

38. A FoKciNG Pump of the common Sort is thus con« 
ftrufted : A B is the Barrel ftanding in the Water ,of the Well 
or Mine at B; GC is the Pifton '$ and C a folid Piece with- 
out any Hole or Valve, becaufe no Wates is to pais through 

it, as in the other. This Piece fhould be well leatherM, to p|g ^ 
fit t)ic Barrel very nicely, that in its Motion neither Air nor ^ "' 
Water ihou'.d pafs between. At a difiance below, a Valve 
with its Diaphragm is fix'd in the Barrel, as at D. Between 
this and the loweft Situation of the Piflon C there goes off a^ 
Pipe at H, in which there is fix^ a Diaphragm and Valve, as 
at £. Now the Piflon being drawn up from C towards A, 
attenuates the Air above D, by which means, the Water ruihes 
into the Space C D ; then when the Piilon is forced down, as 
the Water cannot repafs at D, it is forced to afcend into the 
Pipe at H, and through its Valve E into the Ciftem F, (which 
may be fituated at any Diftance above the Pump} from whence 
the Water will run off by the Spout. 
' 39. A Lifting Pump is a Forcing Pump of another 
Form or Structure. AB is a Barrel fix*d in a Frame IKLM; 
which alfo is fixM immoveable, with the lower Part in the Fig. lo. 
Water to be exhauHed. G E QH O is a Frame with two 
(Irong Iron Rods, moveable through Holes in the upper and . 
lower Parts of the Pump IK and LM ; in the Bottom of this 
Frame QJi is fix'd an inverted Fifton B D, with its Bucket 
ani} Valve upon* the Top at D. Upon the Top of the Barrel 

fton 
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fton R is forced through the fuperior Canal ON^ 
to enter by the Valve I into the Air-Veflel abed-, 

' Aere goes 6S a Part ER, either fix'd to the Barrel, or movet- 
able by a Ball and Socket, (as here reprefcnted at F) but io 
either Cafe fo very nice and tight, that no Water or Air can 
poffibly get into the Barrel, which would fpoil the EflTeft of 
the Pump. In this Part, at C, is iix*d a Valve opening up- 
wards. Now when the Pifton^Frame is thruft down into the 
Water, the Pifton^D defcends, and the Water below will rdh 
iqp through the yalve D, and' get abjCive the Pifton ; 'where» 
upon the Frame's being liAed up, the Pifton will force the 
Water through the Valve C op into die Ciftem P, there to 
run off by the ^pout. Note^ this Sort of Pump is fet fo far 
in the Water, that the Pifton may play bebw the Surface 
of it. 

40. The Mercurial Pump, or that which woiira by 
Qnickfilver, is the next which I ihall defi:rib^« It was the 
Invention of Mr. Jojbua Hajkinsy and brought to its prefent 
Perfedion by J^t, DefaguHen^ together with his Workman 
Mr. WilUam Freem, As this is one of the moft curious of 
modern Inventions, I ihall be a little the more prolix in its 
Pefcription ; which I fhall give from a Model that I have 
made to explain the Nature and Manner of working in this 
Pomp to thofe who attend my. Ledures in Philoibphy. This 
Model works very well, and is here reprefented in its r^ 
Magwtude in the Figure! 
PI. XXI. 41.' AB is a Ciftem placed on the T<^ of a Brafs Tvhp 
Fig. I. POQR, open at each End PR and 00^; Towards the up- 

fer Part of the Tube at F is inferted (or folderM) a curved 
ipe FG, opening into the Tube at F ; and in the End G is 
cemented aGlafs Tube GH, fix'd below in an hollow Box 
L K, full d* Holes for the Admiffion of Water, into which it 
is immerfed. MN ST is an exterior Tube, open at the Top 
MT, and dole at the Bottom NS ; in which Bottom is firm- 
ly fix'd another hollow Tube V X Y W, dofe on t1ie Top X Y. 
This inner Tube may be a folid Piece of Wood, as in my 
Model it is. This inner Tube or Cylinder of Wood goes up in« 
to the Tube QOPR, at the fame Time that thb is iaveHed 
by the exterior Tube MNST, as is feen in the Figure. In 
the lower Part of the Pipe at H is a Diaphragm, and a ValVe I, 
opening upwards ^r the Afcent of Water when a Vacuum is 
made. At C D in the main Tube, above the Infertions of 
the Pipe, is another Diaphragm and Valve £« opening up- 

and 
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and the like bekig done alternately by the other 
Barrel WX, and its Pifton S, the Air-Veffel is 

wards alfo to gm P^ge for the Water in the forcing Part 
of the Stfpke. 

42 . The confUtuent Parts of the Paiap being thus dcfcrib'd, 
we are next to view the peculiar Manner of working bv ^/Vi- 
fihver^ which for that Purpofe is pour'd into the exterior Tube 
MS, whkhy when applied to the Pump in its Place^ will be 
mad^ to rife in two cylindric Sheik ; one about the Tube of 
the Pump outwardly ; the other within, about the innermoft 

-Tube or Plug XQ^ as rcprefentcd in the Figure at «,^, and 
c^ d. At the Bottom there is but one cylindric Shell, becauie 
the middle Tube does not reach the Bottom^ leaving the 

- Space VOWCL 

43. Froin this Account ^tis eafy to obfenre, that the ^c 
CO OP anfwers to the Barrel of the Common Pump, FGH 
to the Pipe, the inner Tube X Q^to the Pifton, and the Quick- 
filver at Bottom to the Leathers of the common Pifton ; for 
it prevents all Communication of the external Air and internal 
Part of the Barrel^ where the Vacuum is to be made. Whence 
His evident^ that upon letting down the outer Tube MS, it 
carries down the inner Tube X Q^at the fame Time, and 
makes a larger Space in the Barrel and Pipe, in which the 
Air will be expanded or become rarer, and its Spring thereby 
weakened. In confequcnce of this, the Water will rife thioueh 
the Valve at I into the Pipe, and alfo the Mercury will nfe 
in the inner Shell by t!:e PVeflbre of the Air on the outer iTnell, 
till the Equilibrium be reftored : And the Height of the Wa- 
ter raifed will be nearly 14 times as great as that of the Mer« 

. cury. • ^ »r 

44. When the Tube S M is raifed again, the Air will be 
comprcfs'd within the Ba^el ; and, its S^ing increafing, it 
will aft upon the Water, the Mercury of the inner Shell, 
and the Vadvc E j the Water above the Valve litcannot move^ 
becaufe of the Valve being Ihut below ; its who!e Forjce is 
therefore fpent on the Mercury, and Valve E ; it will aft on 
the inn^r Shell of Mercuryj and drive it down to the Level 
of that in the outer Shell, as at ^z^, cd\ and then the Pref- 
fure will be every where equal, «i^/«. on the inner and outer 
Shell, and on the Valve E ; as the Tube after this continues 
moving up, the Air will be farther comprefs'd, and its Springs 
made greater than that of the outward Air, which therefore 
it will overcome, and fo thruft up the Valve E, till fo much 

"• by 
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by this means continually filling with Water, 
which greatly compreffcs the Air above the Sur- 

]^ efcaped as leaves the Remainder of an equal Tenour, or 
iu Equilibrio with the Atmofphere. The two Shells of Mer- 
cuiy will be upon a Level all the while the Air is going thro* 
jthe Valve^ becaafe the PreiTure is not greater within thaa 
without. 

45. By repeating the Operation a fecond Time, the Air 
^ill be farther rarifie^, and the Water will again rife in the 
Pipe ; and thus on til] the Pipe and Barrel be full as in the 
common Fump'i and hencQ 'tis evident aU tbofe Theorems 
r^e4 in the preceding Articles^ ai^ equally applicable her^ 
as there. This Pump made at large for Ufe, (hould have 
the following Dimeniions : The Length of the outer Tube 
M N = 30 Inches j of the inner Tube X O := 3 1 Inches ; 
the Diameter of the inner Tube X Y or QJ[) = 6 Inches ; 
the Thickneis of the outer Tube. 1:^70 of an Inch,, of the 
middle one xl^ of an Inch, and of the inner one, tVs ^^ 
an Inch, and the Bottom of the Tube Z O to come withiQ 
an Inch of the ^ottqm N S of the outer Tube. 
. 46. Thcfe Dimenfions afford fufficicnt Strength if the 
Tubes or Barrels are n^adq of Copper, or .'caft Iron, and of 
fuch a Diam^er, that the Defiance between each may be ^ 
the Tenth of an Inch; and th'^ fhould b^ nicely efFeded by 
having (he Tubies t^uly turned in a Lathe. A tranfverfe Se* 
dion of a Part of the Circumference pf thofe Tubes, their 
ThichnefTes, and Spaces between, you fee reprefenfed in the 
F4g. 2. where A B is the outer, C D the middle, and £ F the 
inner Tube. The Spaces between are {q narrow, becauf<^ 
othierwife too great a Quantity of Quiikfilver would be ne- 
cefTary, and yet of no Ufe ; becaufe Fluids preis only accord- 
ing to the Altitude, and not the Quantity. 

47. If now every Part be fitted for Work, apd Mercury 
poured into the Height of 24 {nches, as {hewn by 42 N S ^^ 
and the Barrel and Pipe fiird with Water, fo th^t the wbole 
Pump be ful), and in Equilibrio with the Atmofphere ; if 
the outer Tube M S be moved down thro' the Space of 14 
Inched, at the Commencement of the Motion,' the EquHi- 
trium in the Pump is dcftroy*d by the greater Space which 
would enfue upon the Dcfcent of the inner Tube X Q^ and 
which cannot be fuffer'd, becaufe of the Preffure of the Air 
on the Water at H, and on the Mercury in the outer Shell 
^t a, d, A^d becaufe t^iefe PreCfuires of the h^vi o^utw^rdly a^ 

face 
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face of the Water in the Veflel, and thereby pro- 
pfortionably augments its Spring -, which at length 

H and a are equal, bat, there is not an equal Preflure inward- 
ly on the Valve J» and the inner Shell of Mercury ^^ r; the . 
Valve being prefsM with all the Water in the Pipe above it, 
and which is proportional to the Altitude C^; and the Sur- 
face of the Mercury of the inner Shell at hy f, being prefs'd 
only with the/ Altitude of Water C^, *tis plain the Water 
will not ru(h in at I till the Preffure on h^ c, becomes equal 
to it,^ and that )vill be when the Height of the inner Shell at ' 

b is 'g|i:eater than that of the oute;^ Shell at a^ hy near a -f^ 
Part of tl^ Difference of the Altitudes bgi and then the 
Preffure beihe equal at b and I, updn the Motion of the Tube 
X Q^downw^s, the ^Water will bp forced up thro' the 
Valve, at I» ai^d the Height of the Mercury in the inner Shell 
will always exceed that in the outer Shell, in fuch Manner, 
that the Excefs will be about -^ of bg, or the Height of the 
Point, ^ above the Water at H. 

48. When the outer Tube is in its loweft Situation, the 
Mercury in the inner Shell will be nearly at the Top X V 
of the inner one, and in the outer Shell it will have bat a 
fmall Height as a O, or QJ, 'And when the Tube M S it 
drawn up again, the inner Tube X W will force the Water 
in the Pump to ad upon the upper Part of the Valve I^ the 
under Part of the Valve E, and the Surface of the Mercozy 
at ^ in the inner Shell The Valve T it fhuts clofe, the Valve 
£ it endeavours to pufh up but cannot, till it has fir^«- 
duc'd the Mercery in each Shell to a Level, when they» w!« 
lancing each other, produce aq Equilibrium with the external 
Air adting equally on the Surface of the Mercury in the outer 
Shell at «, and on the Valve E. After this, as t)ie Tube 
M S continues its Motion upwards, the Mercury will rife in 
the outer Shell, the Preffure now oh the inmoft being greateil. 
And for every 14 Feet the Water is forced above the Sur- 
face of the inner Shell b, the Mercury will rife in the outer 
one, one Foot. 

49. Becaufe the Strudure of this Pump makes the Theory 
of its Operation not quite fo eafy and obvious to thofe who 
have not tonfider'd it very thoroughly, (as I have found by 
frequent Experience in my Ledlures) I have contrived to re- 
pKfent it more plainly, by a Kind of Syphon or Pump of 
a very fimple Form, and yet afting on the very fame Prin- 
ciple as this complex Pump uader CQufidexation. The Sy-. 

is 
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is foiar increafed,as to re- aft with gr&t Force on 
the Surface Y Z of the fubjacent Water •, wliich 



phmiis HGFZNSM, whcrcHGFistheWatfer-Pipc as 
in the Pump; ZN reprefents the inner cylindric Tube« 
and MS the outer one; OFZQ^is the Barrel in which 
the Pifton VX moves (which is a Forcer, or without a 
Valve,) and CR a Condodt-Pipe to carry away the Water 
forced thro' the Valve £. In all this it is eafy to fee the 
Analogy between this Syphon and the mercurial Pump. Its 
Operation likewifeis thefame. 
Fig. 3, and 50. For 1|^ Kfercury be pourM faito the Legs MS and 
4. toge- Z N, it will come to a Level at «, b. Now fuppofe the 
thcr. other Part of the Syphon fiill of Water, and the Pifbn nus*d, 

*tis plain the Water at H cannot open the Valve I» rill a 
Colamn ofMercury be raised in the Leg Z N above the^ur- 
face of that in the outer Leg M S, fofficient to balance the 
Weight of the Water in the Pipe H F, then will the Pref- 
fure of the Air be equal upon the Water H, and tbe^er* 
cury in the Leg M S ; and as the Motion of the P]lh>n is 
continued, the Water and Mercury will continue to rife with 
equal MomentHj and therefore the Mercury wLI rife i Inch 
for every 14 inches nearly, till thePiflon ftops. 

5 1 . When this happens, the Surface of the Mercury in the 
Leg Z N will be at r, and that in the Leg M S at //; and liow, 

' if the Piilon be pufh^d down again, it will caufe the Water 
to ihut the Valve I, aAd to z€t on the Mercury at c, and 
oiyke Valte at £, but the Pr^fTure of the Air at £ will i\ot 
fum'the Valve to rife till the Preffure there be greater with- 
in than without, which it cannot be till the Surface of 
Mercury in the outer Leg M S be higher than that in the 
inner one; wherefore, before the Valve £ can open, the Mer- 
cury m each Le^ muft come again to the Level a, hi 
after, which, the Mercury will rife in the outer Leg M, fQ.as 
to be always in EquiHbrio with the Water in the Condudi- 
Tobe R C, and the Part C ^ of the inner Leg ; fuppofing the 
Mercury now fhnds at ^ in that, and at f in the other : And 
# then the faid Height of the Water will be nearly 14 times the 

Height df^ or ce. I think all this is very eafy to underftand 
from the common Principles of Hydrofbitics, and if this be 
undeHiood, the Nature of the Pump muft, as being the very 
fame Machine with a different Difpoiition of its Parts. * 

52. From this Theory of the mercurial Pump, 'tis eafy to 
infer, that in contfrufting one, ;hc ?m Z FOQLought to be 
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n ! afcenditig through the fmall Tube ef to the Stop- 
\ i Cock egy is there, upon turning the Cock, fiif^ 



s' 



placed ia the Middle of the Height fiom the Water H to be 
raifedy to the Ciftera A B which receives and deliven it; or 
more nicely, the level Surface abci rf the Merouy when 
£he Pump is full, aod juft going to work, ought to be in the mid^ 
die Point of the Line P^; the reafon is, becanfe in the De- 
fcent and Aicent of the Tube M S, the DiiFerenoes between 
the Altitude of the outer and inner Shells ad and ch znz* 
qaal, and in each Cafe a 14th Part ffi. the He^ht of the Water 
below or above it. 

53. Suppofe the whole Height from the Water to the Pi- 
fton be P^=60'Feet; then iiP=ii^=3oFeet, or 360 
Inches; then alfo 14)360(26 nearly, that is, the DifFerence 
oi the Altitudes ip the mercurial Shells will be about 26 In* 
ches. The Place therefore where they ought to be on a L^. 
vel is 'at leaft 1 3 Inches below M, or d^ Qgickfilver muft . 
never be poured in to a Height Na greater than about 15 or 

1 6 Inchies, or 1 7 at moft. If the Height P^ be greater thaa 
60 Feet, the Tubes M S, i^c, muft be proportionably en- 
larged. - 

54. To compute the Quantity of Qdcfc^hrer in the SheOs ; Fl. XXI. 
let ACBD be the Area of the Top of the inner TubeX Y, Fig. 5. 
and EH FG the Area of the Sur&ce of the inmoft Mercoiy 

Shell furrounding it ; then becaufe A B =1 6 Inches, we have 
A B* X 0,7854== 36 X 0,7854= 28,274 = the Area of the 
• Circle A D fi C. Again, (ince the Diameter E F is 6,1, the 
Area of the Circle EH F G will be EF* x 0,7854=29,224; 
but 29,224-^28,274=0,9^ of an Inch, the Area of the 
annular Surface of Mercury ; wherefore 26 x,95 = 24,7 the 
cubic Inches of Mercury conuun'd in 26 Inches Altitude of 
the inner Shellj which as it is lefs than the Area of the Plug' 
28,274; (hews that before the outer Tube MS can defcend 
one Inch, the Water will begin to rife to H, near 30 Feet 
below. 

55. Alfo becaufe the Circumferences of Circles are as their 
Diameters, and the Diameters of thefe Shells are as 6,1 to 
6,36 (Art. 45.) therefore 6,1 : 6,36:: 0,95 : 0,99 or i Inch; 
that is, every Lich of Altitude in the exterior Shell is i cubic 
Inch, and therefore when the Tube M S (in the forcing Stroke^ 
has defcended near i Inch, the Water will force up the Valve 
£, the Mercury (hcQ being Jiboul 2$ Inches high in the outet 
SheU. : f^^ 

I . : * fered 
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fered to pafs through a Pipe b, fixed to a Ball 
and Socket^ from the Ori^ce of which it iffuei 

56. If Ae Water be but 30 Feet below the Ciftcrn, the 
Heights bt the mercarial Shells will then be but half as great 
as before, vix. 13 Inches one above the other; and then 
1 2,35 cubic Inches of the inner Shell will equal 1 3 Altitude; 
which therefore will rife with a 1^ Defcent than J an Inch of 
the Tube M S, in the ihncr Shell, and of Afcent in the outer 
Shell. Therefore if the Stroke or Defcent of the Tube M S 
be 1 5 Inches, there will be lefs than a 30th Part of the Stroke 
kft, or a 30th Part of the Labour bcftow'd in Pumping. And 
if the Mercury Shells were but half as thick, as here fuppos'd, 
the Part of the Labour loff would be but ^ of the Whole, 
which is far Idfs than in any other Pump of this Kind. 

57. Smce the Area of the Pifton X W is 28,274 Inches, 

therefore every Inch of its Motion raifes thfe ^ '^^I Parts of 

2o2 
2S 27^ 

a Gallon, or the — ^--rr Parts of an Hoglhead ; that is: 
17766 ** 

28,274) 1 7765 (=: 628,4 Inches of Motion for an Hogfhead. 
Hence ^2-^ Strokes, each 1 2 Inches, will raife one Hogihead. 
And this, if the Weight be not greater than 10 Feet to which' 
the Water is raifed, may be done by an able Man in one Mi- 
nute, working fo as to be able to hold it all Day ; as has been 
found by E^cperience . And therefore this is to be looked upon 
as the grcateft EfFedl, which Perfons can cxpeft from any Hy- 
draulic Engine, to. raife Water of any Kinid wlmtfo^vdr, un^ 
iefs he can invent fofhethbg more compl^t and perfedl in this 
Kind, than the Pump we l^ve now been defcribing. 

58. Another excellent Pump, of the lifting Sort, is the In^ 
vention of Meilrs. Goffet and de la Denille^ and fet up in the 
King of France*^ Garden at P^is. This Pump has this Pecu- 
liarity, that its Pifton works without Friction. The Form and 
%ruaure thereof is as follows; ABCDEFGHIKLisa 
Sort of Box ii\cloiing the Pillon. This Box confiils of two 
Farts, the upper A B C I K L, and the under one D E F G H» 
which (hut upon each other. The Piilon within is ab^ and is 
a circular Piece of Wood, about the Circumference of which^ 
is naird a Piece of well feafon'd Leather, of a circular Form,' 
and fo wide, that when the Piilon is placed at the Bottom of 
theBoK, the Leather may lil over thp Sides thereof at DtT 
all Ground I :he Piilon and Leather thus placed on th^ ajpfeif 
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^ifth a great Velocity, to a very great Height or ' 

Fart, is forced ddwn upon the Leather, and then both Parts 
ftrcw'd very faft together. The Manner of which is very caly 
to apprehend from the Figure, where igfdh i is the Leather 
going from the Piflon thro' the Jointure of the Box. 

59. Upon the upper Part of the Piftcm is fix'd a circular 
(or any figured) Piece of Iron of- Wood, denoted by def^ vsl 
the Top of which, at ^, is fix'd the Riod df th^ PiftSn Qpt 
by which the Piftbn is drawn lip towards the uj$per Part of 
the Cavity //r, and from thence forced down again in Work- 
ihg the Putnp. Now as the Diametei' of the Piftbn is lefi 
than chat of the Cavity, it is plain that in its Motion up and 
down, no Fridlion can happen, as there are tio Parts for it to 
rub againft, which i? occafion*d by the Contrivance of fuipend* 

, ing it on the Leather. 

60. In the bottom Part is fix'd t Pipe FO to bring up the 
Water froni the Mifte or Well at O, which it dfelivers into the 
Box by a Valve at c. Iii the Middle of the Pifton is like- 
^ife another Vilve m opening upwards. A L M N is l Tnb<f 
or cylindric Pipe, in which the Waer is raifed to a Cii!em to 
run off. 'Tis eafy to obferve, that as the Pifton is drawn up, 
the Water will run in beneadi, thro* the Valve r, to prevent 
a Vacuum ; and alfo, that when the Pifton is forced down, the 
Watcf in the lower Parts muft be forced up thro' its Valve, 
and when the Pifton is r&ifed again, the Water ab6ve it wiU 
be forced up the Pipe A M to the Ciftem. 

61. Anpthei- Thing peculiar to this Puffl|j is, the Short- 
nefs of the Stroke 6i the Pifton, which is combenfated by th^ 
Largencfs of its Area, and the greater Number of Strokes 
diit naay be made in the fame Time. The only Objedlioii 
to this Pamp is, that it is always chafged with the Weight 
of fo much Water, as is equal to a Column of Watery whofe . 

' fide is equal to the Area cif the Pi({lon, and the Height e- 
qual to that of the Refervoir above it, as is evident froill 
what we have faid in explaining the Hydrifiaiic Paradox. So 
that the Tube A L M N has no Advantage in being fmall; 
tinlefs any particular Chcumftance or Conveniency require it. 

62. AkcHiniBDBS-V Screw defetves a Confideration, no( pj xxtf' 
only for its Antiquity, but4ts Ufefulnefs in raifing Water. It p-' ^ 
Coniifts of a long Cylinder, with an hollow Pipe, Tube 6i ^* 
Grooye coil'd about it, as reprefented in the Pigufe ; where 

the Cylinder is A B, and the Tube C D c^en at each End. 
it is placed in an oblique Pofition to the Horizon with th^ 
lower End in the Water to be pump'd awa/y the other En^ 

X Diftance^ 
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Diftance, in a finall continued Stream, direded 

being fupported on the lower Part of the Winch I K, hf 

• which the Screw and Cylinder is turh*d round. . . , 

63. As foon as the Screw is imnierfed in the Water, it im- 
mediately rifcs therein by the Orifice C, to the Level of the 
Surface of the Waiter £ F, and if the Point of the Hefix or 
^iraly which ih the Begmining o( the Motion is coincident 
with the Surface of the Water, happens not to be on the 
lower Side of the Cylinder, the Water will upon the Motion 
of the Screw move on in the Helix, till it comes to the Point 

* which is on the under Side, and coincident with the watr/ 
Sur&ce; when it is arrived to that Point, which fuppofe at 
C, it cannot afterwards poiTefs any other Part of the Spiral, 
than that which is upon the loweft Part of the Cylinder, for 
it cai^not move from O towards H or G, becaufe they are ii- 
tuated higher above the Horizon; and fmce this will ever be 
ihe CaTe, after the Surface of the Water in the Helix has at^ 
tain'd the Point O, it is plain it mdk always be on the under 

^ Side of the Cylinder. . 

64. But fince the Cylinder is in Motion, every Part of the 
&iral Screw from O to D, will by Degrees fucceed to the 
uid under Part of the Cylinder; the Waxer therefore in the 
Heluc mufb fucceed to every Part thereof, from O to D, as 
it copies on the lower Side ; that is, it muft aifcend on the 
lower Part of the Cylinder thro* all the Length of the Pipe, 
till it comes to th^ Orifice D, where it will run out, as having 
nothing farther to fupport it. Hence it appears, how much 
thofe Gentlemen are mlfbken, who (afFeding the Wonderful) 
'fit/, that tbi Wat€t afcendi iy drfcen^ng\ whereas, if they 
would havk made the moli of the Wonder, they might have 
(aid truly, that the Water acfinds, hitavfe it canu9t ajcmd^ i. e* 
that it afcends oneway, becaufe it cannot afcend another; 
but then the Wonder is loft. - 

6c. I obferve farther, with refpe£t to Pump- Work, that 
no bngle Pump, tho* perfectly tight, will raife Water bj a 
Pifton playing at a ereacer Diilance than 32 or 33 Feet ; and 
even then the Stroke of the Pifton muft be more than 8 

' aa 

Feet (foi-fincci-— ==:/r:8Rieti then « = 32==^^ See 
b . ,' . 

^r^* S°* 3 It 330 I f&y» no Pump wiU raife Water to a greater 

Height than 32 Feet by a fingle Pifton only; nor can this be 

remedied by feveral Valves in the Pipe below the Pifton, as 

fome Gentlemen have pretended. 

66. For let A 3 be the Barrel of a Pump, GF the Pifton, 

every 
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8 Very way, or to any particular Place, by means *. 

B E a Pipe going from the Barrel to the Walter at E, 60 Feet m. XXI J. 
below it J and let B; C, D, E, be 4 Valves placed in the Fig. t. 
Pipe at io Feet difbmce fitmi each other. Now sAita die , 

Pifton is drawn up from B to F, a Vacuum will be made be* 
tween, bd the Valve B will ncit rife by the* Water below it ; 
for the Water in (ji(i Part BC cannot rife itfdf, much 1^ ' * 

can that in the Part C D below it, as being prers*d with the 
Weight of the Column above, and its own Weight down- 
itrards, therefore no Part of the watry Column BF can move 
of itfelf^ or by itfelf. Nbw no Power ean be ap[4ied any 
where but at E to move the whole Column ; nor can the 
whole be moved widiout raifing all the Valves it once ; there- 
fore the Power able t6 taife the Valte at £, knd confequent- 
ly the Valve at B, muft be kble to overcome the P^efiure of 
a Cdlumn of Water 60 Feet high : But the Air can fufiain a 
Column only of 33 Ftet high ; therefore the Air cannot raile 
the Valve E;-nor any of the itftj thereforis tht Water cannot 
HJTe in the Barrel A B of a finde Pump. 

67, However, we nuiy raife Water by a cbmjpound Pump, pU, if 
ftich ^ is reprefented in the Figure, where A |s the Rod.of 
the Pifloii, whi<!i at B is divided into two, oqe of which 
goes to the Barrel DE, and draws up the Water from the 
Ciflern EFj the other Pkrt BC goes dowii to the (aid Ci. 
iiero, where it is divided at C into two othH Parts; one go- 
ipg to the Pump'FG, fupplies the Water to the Ciftem £ F; 
. the other Part CH goes tb another Pump IK below, and 
draws up the WSter from K tb the Ciftern HI. Npw jhefe 
Pumps dll working at once, will drilw Watfer from any Deptb> 
provided each Pump does not ejtceed ^i Feet in Height. 

6S. I fhall conclude this Subject with an AKftount of one Fie. i ' 
other Method of raifing Water, by the natural Agency of ** ^* 
tieat and Cold only. It is as follow^, ABC D is a pretty 
large Vfcflel fill'd with Water to the Height E F, the Space 
above being pofTefs^d df Air. On the upper Part of the Vet 
fel is a tall Tube inferted 6 H, and deicends below the Sur- 
face of Water to K. On the nether P^rt is another Tube 
or Pipe I W. In each Tube is a Valve opening upwards, a$ 
at I and G. The Body of this Inftrument being nicely 
clofed every ^here, fo that no Air <:an efcdpe, and placed 
with the lower End in the Wat^r W, and thus contkued in 
the hot Sun of a Summer's Day, the Air wOl be rarified by 
^e Heat of the Sun in the upper t^art; and will conq>re& 
tht fubjacent Water^ and force it up thro' the yalre 6 Intel 

X 2 ' erf 
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of the Ball and Socket (LXXiX.) 

the Tube GH, and by the Cold of the following Night &. 

' will be condenfed again, and then the Prefiiire of the At- 

mofphcrc wiU force the Water at W up the Kpe WI, to rc- 

pleniih the Veffcl each Day. And in this Manner may Wa- , 

• ter be lab'd in a confiderable Qjumtity in the Summer Time, 

<» in very hot Climes. . ^ , . ^«- « 

60. ^ fuch a Contrivance as thw, feveral curious Eitcdb 

may be produced. Thus if a cylindric Cover'be annexed to 

the top Part of fuch a Veffel (divefted of iu Tubes,) it'may 

be raifcd to colled the SunBeams at Noon on the Top of 

the Veflel^ which will fo greatly rarify the Air within, as to 

make it produce a coMderable Stream of Water thro' a 

ibiBll Adjutage in the Side thereof; which Stream may fall 

on a Wheel to play an Organ at Dinner^ feftf. Thus alfo, 

an Image may be made to weep in the Sun- Beams, or at 

the Approach of Fire ; with other Devices of the like 

Kind. 

W YYTT (LXXK.) The greateft Artifice of this Engine is its Con- 
rl« XXll. jyjy^cg iQ produce a continual Stream^ which is done by Com- 
preilion, and ElafUci^ of Air in the Barrel, caird the Air 
YtSt\abed, For the Air, being an elaftic Fluid, will be 
capable of Compreffion in any Deerees by the Water forced 
in thro' the Valves at I, K ; and imce the Force of the Air's 
Spring will always be inveirfely as the Space which it pof- 
idles, (as will be ihewn) it follows, that when the Air Vef- 
jel is half lull with Water, the Air will be comprefTed into 
half the Spuice it poillefsM at firft, and therefore its Spring will 
be twice as great as at firft. ' 

2. Buttl^ Sprmg at firft was equal to the Preflure of the 
Atmofphere ; for if if was not, it could not have fuftain -d 
or reiifted the PreflTure of the Atmofphere which ftood over it^ 
^nd confequently could not have fiU'd the Veffcl before the 
Water was driven in ; which yet we find it did, and main- 
tained an Equilibrium with the common Air. The Veffcl 
then being half fill'd with Water, or the Ak comprcffed in- 
to half the firft Space, its Spring will be ia this Cafe equal to 
twice the Prcffure of the Atmofphere; and therefore when 
the Stop-Cock at / is turned, the Air within prcffing on the 
' fubjacent Water with twice the Force it meets with from 

the extemalAir in the Pipe ef^ will caufe the Water to foout 
out of the Eng^e to the Height of ^i Qt n Feet, if tte 
Friftion is not too great, 

Ther? 
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There is aqother Sort of Engine for r^iing 
Water, which works by Fire, in the following 
Manner. A BC is a Copper-Veffel, partly fiird RXXIII. 
with Water to D E, which being fet over a Fire, ^*- *• 
arid m»de to boil, will fill the upper Part DBE 
with a vaft{y elaftic Vapour, the fufficient Strength 
whercqf is known by its forcing qpen a Valve 
at e: This heated elaftic Steam is, by turn- 
ing a Cock at F, let into the Barrel aicd^ where 
by its elaftic Force it raifes ,the Pifton G, which 
drives the Air above it through a proper Clack 



3. That it muft fpout to that Height is evident from hence, 
that only one |half the Force of the internal Air is (pent in 
overcoming the ReMance of the external Air; and this be- 
ing'deftroy'd, the remaining Half of the Force will be exert- 
ed ii» projecting the Water, wktch now muft be coniider*d aa 
fpouting /«. Facuo (the ReB&ance of the external Air being ta- 
kes away). But in Vacuo Water will rife to the Height of 32 
or 33 Feet (as will be (hewn hereafter) by the Prefiore of the 
common Air; therefore fince the remaining half Force of the 
internal Air is equal to the Preffure of the common Air, it 
mud caofe the Spout to rife to the Height of 32 or 33 Feet; 
and becaufe the Water keeps entering the VeiTel as M as it 
fpouts out, it keeps the Air under the fame Degree of Com- 
preffion, which therefore moft conibntly aj6t with the &me 
Tenor on th^ Water, and produce a continual Stream to th^ 

.Jame Height. 

4. When the Air-VefTel is | full of Water, the Space which 
the Air takes up is \ Part, whence its Spring will be 3 times 
as great a& that of the common Air, therefore it will now pro- 
jed the Water with twice the Force of the Atmofphere, aiyL 
therefore to the Height of 64 or 66 Feet. When the Air- 
VefTel is | full of Wat^ , the Air will be compre(s*d into | 
Part, and ib will protrude the Water with a Force equal to 3 
Atmofpheres, and therefore to thci Height of 96 or 99 Feet. 
And when the Vefiel is f full of Water, the Air will take up 

Part, and will have its Spring 5 times as fbong as at firu, 
pd will therefore force the Water 132 Feet high. 

^. Hence 'tis eafy to obferv^ the L^w. by which the Spring 

X 2 at 
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• at the Top. After this, that the Pifton may bj 
its Weight defcend, a little cold Water, from the 
Fountain fgbi^ is let in at the Bottom by turn- 
ing a Cock zx ky which, in Form, of a Jet, con- 
denfcs the hot Steam in the Barrel into 13009 
fimes lefs Space than befqre it took up, which 
makes a fufficient f^acmm for ^he Pifton to de- 
fcend in. The Pifton G, ahd I^vq- HI, being 
thu3'put into Motion, dp accordingly raife and^ 
deprefs the Pifton K in the l^arrel of the forcing 
Piimp LMofi the other Side; which, by the 

pf the Air will 2^ on the Surface of the Wat^ below it^^ vis^. 
^^rding to t|ie Mambei? in the Table belcmr.' 

. Height of Of the Air Trfportion of E eight tf 
the Water, comfrejs^d, the Airs Spring, the Sfout. 

33 ^^^^' - 
66 

99 
»32 

1.65 
198 

231 
264 

?97 

s 

* And thus fox any greater Degree of Compreifion. 

6. As the Air-VeiTel is the Caufe of the continual Stfeam^ 

' we may naturally infer, that if fuch an Air-Veffel were adapt- 

^ to tht Ceinmon Hovfe Pump^ it would then become a Fire^ 

Engine, or veiy ufeful for extinguifhing Fires that may happci^ 

in or near the Houfe. Now this may be ef^e^ed in a Man^ 

VI YYTT ^^ either the fame with, or analogous to, that which follows. 

*t' ^^^* A BCD is the Barrel of the Pump, PH the Rod and Pifton, 

t ?g- ^- C W the Pipe going down to the Water of the^^Vdl at Wl 

. Towards the lower.Part of the Barrel is a ihort Tube, l^ which 

the Air- Veflel F £ is fixM to, and commupicates witK, the Ba^r 

^ rel of the' Pump. AMN L is a Collar of Leathers fo fixed 

qn the Top of the Barrel, ^nd adapted to t|ie Rod, that i( 

•■- ' ' ■ ■ • i*f.? 
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pipe N, draws the Water from the Depth W, 
and forces it to pfe and fpout through the Tube 
P, continued to any Height at Plealure. This 
Engine is ufed to draw ^he Water from Coal- 
pits and other Mines. Befides theft, there are 
various other Water-En^nes of a more complex 
Strufture 5 but as they all a6t on the lame Prin- 
ciples with^hefe two defcribcd, 'tis needlefs to 
fay any thing of them here (LXXX, LXXXI, 
LP^XII,) ^ ^ 



may move freely ia the Leathers, without pennitting the Air 
to p^s in or out between. The Nozzle or Spout D has « 
Stop- Cock S to fhut off the Water, or let it pais out as re- 
quired. Q^is a Piece fcrew'd on to dir^ the Stream by, a 
fmall pliant l^eathem Pipe at the End. ^ 

7. Now 'tis plain, when the Piflon is raifed from the Bot- 
tom of the Pump Barrel, the Water above it will be forced 
into the Air- VelTeU and there compreis the Air (the Stop- 
Cock being fhut); it will alio compreis the Air on the Top of 
the Barrel, for die Water will not be higher than the Spout 
D at firil, when the Stop-Cock is ihut :' But afterwards, as 
the Air is confined, it will1)e compreTs'd at Top, and the Wa- 
ter will rife to I. < 

8. This comprefs'd Air, in each Place, will ziSt upon the 
Water by its SipiJDg, and, upon turning the Stop^Cock, will 
force it out in a continual St»am, thro^gh a Pipe at Q^, and 
that with a gieater or leffer Degree of Force, as Occa£on re- 
quires^ thaf bfing abfoluteiy in the^ower of the Perfon work- 
ing the Pump. This Inventiqn we owe to Sir James Creed^ 
one of the very few Votaries which ^e PJ|^lofophic Mufea 
find among Paribus of C^^ty and Fortune. 

(LXXX.) The Fire-Encxne is the mofi admirable, curi- 
> ous, and compounded Machine that we find amoi^ all thofe 
whofe Inventions h2ive been owing to the Difcoveries of Mo- 
dem Philofophy, and which affords the greateft Advantages- 
to Mankind. The Fire<£ngine is of two Sorts, whkh I fhall 
here give the Theory of, and Figures of each according to 
the lateil Perfettion in which they are made. The Account 
given above being ouly in relation to its firft State and origi- 

X 4 nal 
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Hal Simplicity : Biit it is now of a very diflferent Form, thodgti 
ading upon the fame Principle* as will appear from the M^ 
Rowing hiftorical Theory thereof. 

2. TKcMaik^is of Worcester, in his Qfttury of In' 
'ventiows^ (printed A. D. 1669.) is the £rft that I know Of who 

^ propofed raifing great Quantities of Water by the forc^ of' 
Fire, turning Water into Steam ; and he mentions feme En- 
gine of this Kind, which he faw playM a continnal Stream in 
€hf Manner pf a Fountain, forty Feet high, ^e alio iays, 
that a Ferfon attending it tum'd two Cocks ; dut one Ve^el 
of Water being confumed, another begins to force and re-iiJi 
with cold Water ; and this alternately and fucceffirely, the 
j^ire being tended and keptcondant by the fame Perfon in the 
Interim between turning the Cocks. 

3. Captain Save RY, having read this Account, immedi- 
ately attempted to raife Water by Fire, and was the firft who 
ereded an Engine for this Purpofc, of the Form we have fince • 
had them. I'o fecure the Invention tp hi mfi^If, l\e bought up 
all the Marquis's Books that he could find, and burnt them ; 
and then gave out that he dtfcover'd the Method by Accident. 
He made many Experiments- to brmg the I^q^chine to Per- 
feftion, and efeftcd fevcral for Gentlemcns Seats, but could 
not foccecd for Mines, the Depth from which W^ter wai to 
be raifed from thence being fo greats that it required the Steam 
too dangeroufly ftrorg to be attempted in his Way. 

4. Thus the Progrefs of the Engine was flopped, till long 
afterwards Mr. Ne*wcomen an Ironmonger, and MV. John Caw- 
ley a Glazier, (both Dif&ntsrs of the ^aftlft Denomination 
at Dartmouth) contrived another Way to raife Water by Eire, 
where the Steam to raife the Water from the greatest Depths 
ef Mi^ies is not required greater than the Preffure of the At- 
ynofphcrc ; and this is the prefcnt Strufture of the Engine, 
and which is now of about 35 or 40 Years ftanding. 

PlXXIV. 5- ^* ^^^^ already ihewn (>/««©/. LXX VII 1. 67.) that 
* * ■ Waiter may be drcwn from any Depth by a Compound Pump. 

Suppofe the Depth =: 1 50 Feet, and the Diameter of the 
Pump- Barrel at/ be 7 J Inches, then the Weight of a cylin- 
4ric Column of Water 1 50 Feet high, and j\ Inches Dia- 
meter, will be about 3000 Ih, If now the Rod of this 
Pump were hung by a Chain to the End of a Lever h h, as at 
H, and at the other End another Power were sipplied, a^ at P, 
with a foperior Force/ thi Pump inight be work*d, and the 
Water raifed hy that Power. 

6. Now this Power cannot be human, or the Strength ^f 
Men ; for it will require 100 Men to pull down the Beanfi^ 
^ach pulling with a Fo^ce of ^oB. j as(d 100 mote tcT relieve 
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Aek when weary ; for the Pomp in a Mine muft not ftanJ 
ftill : Bat 200 Men would be too expenfive. U we allow 
Horfes, (and one Horfe equal to five Men) there muft be 20 ' 
Horfes working at a time, and 20 more to Relieve thefe 3 
^hich great Number of Horfes^ though lefs expenfiv^ than 
the M^D, w31 be found too great an Expence for moft lyiines : 
And neither Men nor Horfes would be able to give more than 
15 or 16 Strokes in a Minute. 

7. Some other P0wer therefore muf( be applied 1 and the 
PhUofopher readily offers his Service with his Air-Pttmp» and 
PrefTure of Air. His Propofal is to fix a large Barrel or Cy<* 
linder CC, truly bored, about 8 or 9 Feet long and 22 fnchet 
wide, on the Top of his Air-Pump ; and in this is a>Pifloii 
well leiather'd, whofe Rod L is failenM to a Chain fix*d to the 
End of the Lever at P. Now, fays he, allowing 15 /i. of 
PrefFure upon every fquare Inch, the whole PrefTure of Air 
upon fuch a Pidon will be 5800/^. which is near twice the . 
Force to be overcome. But this muft be tScGted by exhauft* 
ing fo large a Barrel by the Air-Pump, and which he cannot 
do more than twice in an Hour ; fo that he can produce only 
i Strokes in the'Time thsk 960 are necefiary to keep the Wa^ 
ter from overflowing the Mine. 

8. But though the firft Expedient fails, he makes a fecond 
Tropofition, and that fucceeds ; which is as follows. B is a 
large Boiler, whofe Water by the Fire under it is converted 
into elaflic Steam. The great Cylinder CC is fix*d upon it, 
and communicates with it by the Pipe D^; on the lower Ori« 
fice of which (within the Boiler) moves a broad Rate, by 
means of the Sceam-Cock or Regulator £10, fbpptng or 
opening the PafTage, to prevent or permit the Steam to pafs 
into the Cylinder, as Occafion requires. The Diameter of , 
the Pipe D is about 4 Inches. 

9. The Ste^ki in the Boiler ought always to be a little 
ftronger than the Air, that, when let into the Barrel, it may 
be a Httle more than a Balance to the Preffure of the external 
Air, which keeps down the Pifton at the Bottom ^n. The 
Pifton being by this means at Liberty, the Pump-Rod will, by 
its great Weight, defcend at the oppdite End to fetch a Stroke : 
For the Weight of 70 or 80 Yards of Iion-Ro4 amounts to 
about 9 or I b Hundred f whereas the Pift(», and other Weights 
at the other End, is not above 4 or 44 Hundred. The End 
of the Lev^rat the Pump therefore will always preponderate 
the other, and defcend when the Pifton is at Liberty. 

I o. The Handle of the Steam-Cock £ 10 being nini'd to« 

wards n, opens the Pipe D to let m the Steam; and being 

tiiri)'d towards O, it fhats \t off that pomore cai^ enter. The 
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PiAoii is now raKed towards tke T<^ o£ the BarreUt C, 9»4t 
the Burel is fall of Steam. The Lever O i muft then he 
lifted up, to torn by its Teeth the Injeding-Cock at N, which 
permits the Water brought from the Ciftem g, by the Pipo 
^MN, to enter the Bottom of the Barrel at n, where it flies 
Up in the Form of a Fountain, and ilriking againft the Bottom 
of the Pifion» the Drops being dnven all over the Cyluder will 
by their Coldnefs condenfe the S^team into Water again, aii4 
precipitate it to the Bottom of the Barrel. 

11. Mr. Hen, Beighttm ma^e an Experiment to determine 
the Rarity of the Steam, and found the Content of the Bar- 
rel of Steam was 1 1 3 Gallons i and £nce there were 16 
Strokes in a Minute, therefore 1 1 3 x 16 zz 1808 Gallons of 
Steam per Minute. He alfo obferved, that the Boiler required 
to be fupplied with Water at the Rate of 5 Pints per Minu^ ; 
ttid itnce 282 Cubic Inches make a Gallon, 35I make a Pint, 
and 5 X 357 =: 176^ in 5 Pints 1 alfo the Cubic Inches of. 
SteamansiSgd x282 = 509856; if thenw€«&y. As 176^:^ 
509856 :: I : 2893 1 or one Cubic Inch of Water is e3Q)aid- 
cd info 2893 Inches of Steam : Confequently the Steam in 
the B^tfifl is reduced ta^^^ Part, when tum'd to Water by 
the Jet of cpld Water; and theref<|>re a fufiicient Vapwm is 
made in theBarreI» for the Piilon to defcend unbalanced, by^ 
the Preffurc of tfie Air- 

12. The Fiflon being forced down raifes the othf r End of 
the Lever, and confequently the Piftpn of the Pump whioi^ 
brings up and difchaiges the Water at/. Now this whoje 
Operation of opening and fhutting the Steam-Regulator and 
Inje6yon*Cock, will take up but Ottle more than '3 Second^ 
and will therefore produce* very well 16 Strokes in a M^ 
nute. 

13. That the Ciftern f may always be fupplied with Wa- 
ter, there is an Arch pcSsCd near . the Arch H at the Pumpi- 
End, from whence another Pump- Rod k with its Pifton draws 
Water from a finall Ciiiern ne^ th^ Mouth of the Pit, (fup- 
plied from the Water raifed at p) and forces it up the Pipe 
mmm into the Ciftem ^, which therefore can never want 
Water. . 

14. Tiiat the Leathers of the Piflon C may be always fup- 
ple, and fwell'd out (o as to be always Air-tight, a (mall 
Stream of Water is fupplied from the Injecting- Pipe M by 
the Arm x. On the Top of the Cylinder is a larger Part o)r 
Cup L, to hold the Water that lies on the Piiion, lefl it (hould 
overflow when the Pifton is got to its greatefl Heigib^t, as at W ; 
at which Time if the Cup be too nill, the Water yiiSL run 
flown the Pipe V to the wafte Well 7^ Y . 
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1$. The Water in the Boiler, which waftes in genetating 
$team» is fapplied by a Pipe F/ aboat 3 Feet long, going 
into the Boiler a Foot below the Surface of the Water. Oi| 
the Top of this Pipe is a Cup or Funnel F, fupplied by the 
Pipe W with Water frqm the Top of tl^e Ciftcm, which has 
the Adirantage of being always wann» and fy not apt to check 
the Boiling of die Water in the Copper. 

1 6. That the Boiler.may not have the Surface of the Water 
(GO low, (which would endanger barfting) or too hig^i, (whic]|. 
would not leave Room enough for Steam) there are two Gager' 
Pipes at G ; one going a little below the Sur£|ce of the Wa« 
ter when at a proper height, and the other fianding a little 
above it. When every thing is right, the Stop-Cock of the 
Sfhorter Pipe being ppenM gives oidy Steam, and that of the 
long one Water ; but !f otherwifci both Cocks will give Steam 
when the Surface is too low, and Jboth give Water when it is 
too high ; and henc<; the Cock which feeds the Boiler at F 
may be openM to fuci^ a D^ree, ^ always to keep the Sur- 
face of Water to its due Height. 

ijr. The cold Water, co^antly injefted into the Cylinder 
to condenfe the Steam^ is carried off by the Eduftion-Pipp 
^T Y, going from the Bottom of the Cylinder to the Wafte 
Well y, where going % little under Water it has its End tum'd 
up, with a Valve Y to keep out the Air from prefiing up into 
the Pipe, but permitting the mjedled Water coming the other 
^ay to be difchar^d ; whereby the Cylinder is kept empty. 
- 1 8. Left the Steam ihould grow top ibong for the Boiler, 
and buril it, there is a VaLv^ fix*d at h, with a perpendicular 
Wire fianding up from the Middle of it, to put Weights cf 
^ead upon, by ^hich to examine the Strength of the Steam 
pufhing againft it from within. Thus the Steam is known to 
pe as ftrong as the Air, if it will raife up fo much Weight oa 
the Valve as is at the Rate of 1 5 /h. to an Inch fquare ; be- 
caufe that is the Wejght of Air (nearly) on every fquaire Inch, 
as will be ihewn in its Place. When the Steam becomes 
ilronger than what is required* it will lift up the Valve, and 
go out. This Valve is call'd the Puppet^Clt^k. 

19. The Steam has always ^ variable Strength, .yet never 
-r^ Wronger or weaker than common Air : For it has been 
found that the Engine will work well, when there is the 
Weight olf I lb» on every fquar^ Inch of the Valve b. This 
ihews that the Ste^m is then xj ^^^ ftronger than the com- 
mon Air. Now as the Height of the Feeding-Pipe from the 
Funnel F to the Surface of the Water Si is not above 3 Feet, 
and 3 1 Feet of Water i? ^ of the PreiTure of the Air j if 
the Ste^in were y^ Part Ibronger than Air, it would pufli the 
* ' Water 
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Water oot at E ; which fince it does not do« it caimot be 
ftroDgier than Air, even in this Cafe, where, the Regulator 
. being (hot, it is mod of all confined. 

2o. When the Regulator is openM, the Steam gives the 
Pifton a Puih, which. raifes it up a little way ; then filing a- 
neater Space, it conies to be of the fame Strengths and fo a 
Stance to the Atmofphere ; thus the PiAon, being at Libet- 
Ij, rifes to the Top W. The Steam, now expanded into the ^ 
whole Capacity of the Cylmder, is weaker than the Air, and 
would not fupport the Pifton were it not for the greater 
Weight at the other End of the. Lever, which keeps it up. 
The Steam each Stroke drivet the injedled Water of the pre- 
ceding Stroke out of the £du£lion-Pipe ^/TY; and woyld it- 
felf foUoV, and blow out at the Valve Y. (whi^h is not 
loaded) if it were ibronger than the Air, which it never does. 
If it were exa^y equal to the Strength of t{ie Air, it would 
juft drive all the Water out at Y, but could pot follow itfelf, 
the Prefiure being on each Side the Valve equal by Suppofi- 
tK>n. If it be weaker than the Air, it will not force all 
the Water out of the Pipe dTY, but the Surface will (land 
ftppofe at T, where the Column of Water T Y added to the 
Strength of the Steam is equal to the Preflure of the Atr. 
When the Steam is tV weaker than the Air, the Heieht T Y 
= 3^ Feet. Now fmce the whole perpendicular Difbnce 
from ^ to Y is but 4 Feet, and the Steam always fnfHdent Vb 
expel the Water ; it is plain it can never be more than a ^ 
Part weaker than the Air, when weakefl. 

^i. There is Air in all the Water injeiEled ; and tho^ that 
Air cannot be taken out or condenfed with the Steam, yet 
will it precipitate and fall thro* the Steam to the Bottom of 
the Cylinder, as being much heavier. For it has' been (hewn, 
tiiat Steam is to Water, as i to 2893 in its Denfity, but the 
Dcnfity of Air is to that of Water, as i to S64 (as will be 
ihewn) therefore the Rarity of Steam is to that of Air, as 
2893 to S64; the Air will therefore fall thro^ the Steam to 
the Bottom, and from thence be driven out thro* a fmall Pipe 
opening into the Cup at 4, on which is a Valve. Now when 
^ Stes^ furftrufhes into the Cylinder, and is a little ilroi^r 
than the outward Air, it will force the precipitated Air to 
open the Valve at 4, and make its Efcape ; but the Steam 
cannot follow, bec^ufe it is weaker than the outward Air, as 
die Pifton gives it room, by afcending, to expand. This 
Valve (from the Naifc it makes) is caird the ^Smftm- 

^a. K^png the great?ft Iipprovement^ of this Engine, we 
S)^ reckon th^t Co^^riva^^e, by which the Engine itfelf is 

made 
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made to open and (hut the Regulator ind injeftion-Cock, and 
that rfiort nicely than any Peifon attending oould pofibly d6 
it. For this Purpofe there is fix'd to an Arch Z, at ar pro- 
per Diftance from the Arch' P, a Chain, frdm which hangi A 
perpendicukr Piece or working Beam QQ» which comet 
down quite to the Floor, and goes thro^ it in a Hole, which 
it veiy ex^^Iy fit5. This Piece has a long Slit in it, and ie- 
veral Pin- Holes, and Pins, for the Movement of feveral Imall 
Levers deilinM to the faid Office of opening and fiiutting the 
Cocks, after the following Manner. 

23. Between two perpendicular Pieces of Wood on each 
Side P, there is a fquare Iron Axis AB (in the following 
Fig. where this Part is reprefentcd by itfelf for DiftindUefe) 
which has upon it ieveral Iron Pieces of the Lever Kind. 
The firft is the Piece C £ D, callM the Y , from its reprcfenting 
that Letter inverted by its two Shanks £ and D ; on the upper 
Part is a Weight F to be raifed higher or lower, and £x*d, at 
occafion requires. This Y is foc'd very faft upon the faid Lron 
Axle Afi. 

24. From the Axle hangs a Sort of an Iron Stirrup IKL F, 
by its. two Hooks II, and having on the lower Part two 
Holes K, L, thro* which pace's a long Iron Pin L K, and 
keyM in the fame. When this Pin is put in, it is alfo pafsM 

*thro* the two Holes in the Ends £, N, of the horizontal 
Fork or Spanner E QN, joined at its End Q^to the Handle 
of the Regulator V lo. From Q^co O arc feveral Holes, by 
which the (aid Handle may be fix^d to that Part of the End 
which is moil convenient. 

25. Upon the Axis AB is fix*d at Right Angles to the Y, aii 
Handle or Lever G 4, which goes on the Oudide of the Piece 
QP^, and lies between the Pins. Another Handle alfo is 
fidien'd upon the fame Axle, *viz. H 5, and placed at half 
a Right Angle to the former G 4 ; this pafles thro* the Slit 
of the Piece QJ^^lying on one of its Pins. Hence we fee, 
that when the working Beam goes up,' its Pin in the Slit lifct 
up the Spanner H 5, which turns about the Axle fo fia^ at 
to throw the Y with its Weight F from C to 6, in which 
Dire6lion it would contmue to move, after it pafs*d the Per- 
pendicular, were it not prevented by a Strap of Leather fix'd 
to it at 0£, and made faft at the Ends m and «, in fuch Man- 
ner, as to allow the Y to vibrate backwards and forwards a- 
bout a Quarter of a Circle, at equal DiAances on this Side 
and that of the Perpendicukr. 

26. As Things are reprefemed in the Figure, the Regii« 
lator is open, its Plate T Y being fhown on one Side die 
Pipe S which joins the Cylindtr and Boiler. The Piftbn h 

now 
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iiow up, and ^o the working Betm near its greateft Height} 
the Pin in the Slit has fo far ndfed the Spanner H 5, that the 
Weight F on the Head of the Y is brought fo far from «, 
ks to be pafl: thfe Perpendicular, tind ready to fall orcr to- 
wards «r, which when it does, it will by its Shank E, with a 
finart Blow, ftrike the Iron Pin K L, and Virawmg the Fork 
ON horizontally towards the Beam (^i will draw (he En4 
10 of the Regulator towards 6^ and thereby fhut it, by 
flipping.thc Plate Y under the Holes of the Throat-Pipe S. ^ 

27. Immediately after the Regulator is ihut, the Beam "<• 
fing a little hi^er, with its Pin S on the Outfide .i^n the 
lower Part lifu up the End k i of the Handle of the Inje£ling« 
Cock,* and opens it by the turning bf the two Parts with 
Teeth. The Jet immediately making a FaaUuki the Beam 
agamdefcends, and the Pin r deprefling the Handle li ihuts 
the Injedion-Cock 1 and the Beam .continttin|g to defccnd, the 

/ Pin f bears down tiie Handle G4, and throwing back the Y, 
its Shank D throws forward the Fork NQ»^ and again openp 
the Regulator to admit frefh Steam. After this eveiy thing 
returns as before ; and thus is the Engine mpA wonderfully 
contrived to work itfelf. 

28. After the Engine had been |nad(^, as abo^e delcribed, 
for many Years, it received . another Improvement of yery 
great Advantage; and that was, infiesid of feeding the Boiler 
with warm Water from the Top of the Cylinder (as rehued- 
j^rt. 15.) by the Pipe W above, and F/ below; they con- 
trived to fupply it wkh the fcalding hot Water which came 
but of the Eduftion-Pipe </T Y, which now, infiead of going 
to the wafte Well at Y, was tum'dinto the Boiler on the top 
jfart; and as the Edu£lion-Pipe before went out at the Sidfc 
of the Cylinder; it was now inferted in the Bottom off the 
fame ; and tho* the PrefTure of the Steam in the Boiler be 
fomewhat greater in the Cylinder, yet the Weight of Water 
hi the Edu6lion-Pipe being added to the Force of Steam in 
the Cylinder, will carry the Water down continually, by o- 
vercoming the Refinance in the Boilerl 

_ 29. To conclude this Theory of the Fire-Enginc, I (hall 
here add a moll Curious and ufeful Table of the Calculation 
of the Power of Fire Engints for the various Diameters of 
the Cylinder, and Bore of the Pump, that are capable of rai- 
iiug Water from 48 tO44j0 Hog(heads/£r Hour, at any Depth, 
from 15 to 100 Yards. It was co'ihpOfed by Mr. Herrty 
Beighton ; and is founded on this Principle^ that the Ale Gal- 
lon of 282 cubie Inches of Water weighs io/(. 302. j^ver- 
dufouy and a fuperficial iquare Inch is prefs'd with the We^ttt 
of 14/^. i%o%, of Air when of a mean Gravity. But aU 
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lowing for feveral Fridiiohs, and to give a confidehdble Veld- 
city to the Engine, it is foand by Experience, that no tnore 
then Sii» of PudTui^ mufi: be allowed to an Inch fquarft on 
the t'ifton in the Cylinder^ diat it may make aboat 16 Strokes 
in a Minute, about 6 Feet-each^ 

3b. Thefe CalculatioiiSi are b^t for cmnmon PrafUce; for 
with large Boilers the PsitoB will make 20 or 25 Strokes^ 
JMinbte, and each of them 7 or ^ Feet, «nd then a Pump of 
9 Liclies Bore will difcbarge mor^ than 320 Hogiheads per 
noiir, aad for other Sizes proportidotibly. The Vlfe of the 
Table is eafy ; for (appok it reqolrM to draw 1 50 Hogflieads 
ftr flour, «t the Depth of 90 Yards; then, in the 7th Cb- 
lumh, I find the neareil Number 149, and agaixift it, in the 
firil|Colamn, I find a 7 Inch Bore for the Pomp; then mnder 
the 'Depth -90 on the Right-hand, in the f^me lane, *I find 
27 Inches for the Diameter of the Cylinder fit for the' Pur- 
jpoft, ami fo for any other. ^ 
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(LXXXI ) The M«thod of conftruaing a Fire-Engme, 
attordiiig to the original Inftittttion of the Marquis of Wor- 
kefier jmd Capt. Soverf^ wherein the Water was to be raifed 
folely by the rreffare of elaftic Vapour or Steamy is very ufe* 
ful^ and cheap in refped of the other Sprt ; and when the 
Height, to which the Water is to be raifed, does not exceed 106 
6r 150 Feet, then this Engine is applicable with great Advan- 
tage^ it requiring bat a inall Fhe, (not bi^er than what is 
generally offd in a Parloar Chimney) 'n of a very iimple and 
eaiy Stradorfe, and admirably adapted for playing of torn* 
tains td very great Heights. 

2. Dr. Defagmliers has given us the Stfadiire of this En- 
gine on a Copper Plate with his laH Improvements, and be« 
caufe I think this better than that which ProfeiTor Mujfcben- 

hroek has exhibited in his Efai de PhyfifM^ efpecially for rai- P1.XXV0^ 
fin^ Water, I (haU here give the iaid Figure and i^ Es^li- Fig. |, *' 
cation. 

3. The Boiler BB is a large Copper Body of a globular 
Form, which will beft of all withftand the very great Force 
of Steam, that is in this Cafe neceflary. Ronnd die Bo^y of 
this Boiler the Fire and Fhme are con^u^ed, as (hewn at 
T T T. It has a Copper Qover fcrew*d oi|,. which contains 
the Steam Pipe C D, and two Gage-Pipes N, O; which, Igy 
turning their Cocks, (hew the Height of the Surface of the 
Water within, as in the other Engine. 

4. On the fame Cover at P is a Valve, over which lies a 
Steel-yard with its Weight Q^to keep it down, the Strength 
6f the Vapour being this Way moft exa£kly eibmated : Fojr 
being in the Nature of a Lever, of the third Sort, 'tis plaio^ 

• if the Beam of the Lever be divided into 10 equal P^d, and 
the firft of them be upon the Middle of the Valve, and the 
Weight Q^hangs at the zd^ 3d, 4th, ^c. Divifions, that 
then the Force of the Steam which can raife up tlie Valve 
will be 2, .3, 4, C«fr. times as great as the Weight. Jf the 
Area of the Valve be a fquare Inch, and Q= 15/i. hang- 
ing at the 2d Diviiion is raifed by a Steam piiihin? up the 
Valve, it will (hew the Steam will then prefs with me Fotx:^ 
of 2 Atmoipheres^ and fo on to 10 Atmofpheri^sj but great 
Care muft then be taken about it, left the Steam, fo veiy ftrong» 
burft the Boiler to Pieces. 

5. The Steam is carried from the Boiler to a Copper Vef- 
fel A by means of the Pipe CD, and is let into the (ame by 
turning the Handle K of the Steam-C;^ock DL The Key 
of this Cock is kept down by the Screw L, held up by the 
Gibbet D L. The.Handle tnm'd from K to k admits a FW- 
(age to the St«am int» th^ Copper Receiver A. 

Y «. till 
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6. Thb Receiver A communicates at Bottom with the Sack" 
• fng.Pipe ZH going down to the Water H in the WcD X ; 

and above with the Forcing-Pipe £ £, which goes up a little 
above the Water of the Rdbrvoir R ; between thefe two Pipes 
are two Valves F and G, both opening upwards. The Steam 
being let in upon the Water of the Receiver A, forces it up 
thro' the Valve F, and the Pipe E E to die Refervoir^ and 
then the fakl Receiver is full of hot Steam. 

7. This Steam in the Receiver is condenfed by a Jet of 
cold Water coming from the Forcing-Pipe by tie fmall Pipe 
M I, being let in, and (hut off by the Cock at M. The 
Steam being condenfed by this Jet, will be reduced within 
a very fmall Space, and (b make a Vacuum^ upon which the 
Water in the Well will ru(h up the Forcing-Pipe to rellore 
the Equilibrium, and thus again fill the Receiver A ; the little 
Air being eompreis'd within a fmall Compafs at the Top a- 
bove ab, 

8. That there tmy always be Water in the Force-Pipe for 
the Jet, there is a nule Pipe which brings the Water to it 
from the Refervoir, Irith the fmall Stop-Cock Y to fimt it oS 
upon Occafion. The Valves at F and G are examined at any 
time, by unfcrewing the Pin i to loofen the Strap 2, and let 
down the FlflDCh 3, all which Parts are ihewn larger in the 
Figures below. 

o. By the peculiar Contrivance of the Cock at DI, and 
its Key, the Water is made to pafs from the Force-Pipe to the 
Boiler, to iupply the W^e in Steam. This is plamly fheMm 
PI XXVI ^ ^^^ Sedlions of the Cock and Key, where 5 is the Top q£ 
. p.* ' the Key; 6 is a Hole on one Side,, which goes down to the 

*S* ^' JBoUom, to convey the Steam or Jet of Water alternately to 
the Receiver; 7 is a Notch on the other Side to take in the 
Water from the Force-Pipe, and conduct it to the Boiler B. 
How this is done, is eafy to conceive from a View of the 
two Sedions of the Cock 'and Key in two Pofitions with- 
in it. 

10. The Boiler may hold about c or 6 Hogiheads, and the 
Receiver i Hogfhead : It will work 4 or 5 Hours, without 
recruiting; about 4 Strokes per Minute will produce up- 
wards of 200 Hogiheads per Hour. This Steam makes a 
Vacuum fo effedoally, as to raife Water from the Well to 
the Height of 29 or 3a Feet ; and fnj^fe the Steam able to 
lift up the Steel-yard, with its Weight hanging at the 6th 
Divillon, it will then be able to, raiie a Column of Water a^ 
bout 50 Yards high, as being then 6 Times ftronger thsm the 
PreiTure of the Air, as is eafy to underdand from what has 
been faid on this Subject of the Common Water-Engine, (See 

JnnQ$at. 
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Jinttotat. LXXX. 5.}^^^ Water being raifed in a fimilar 
Manner in both Machines ; there by the PrefTure of condenfed 
elaftic Air; and here by the Prefiure of rarified elaftic 
Steam. 

1 1 . The EhdUcity of the Steam increafing with its Heat, 
and the Space into which it' endeavours to expand idelf be- 
ing as its Elaflidty or Strength, and fince we know (by what ^ 
precedes) that Water expanded into Yapour, of the &me 
Strength of th^ Air, occupies near 3000 times the Space as 
before, it foOows, that when the Steam has twice that 
Strength, it will be expanded into-6000 ; if it be 5 times as 
fh-ong as the Air's Spring, it will hecomt expanded imo 
1 5000 times that Space, and fo on^ beyond the Reach of 
Experiments. From all which it appears how near a perfeft 
Vacuum we may approach by this Engine, or any other, by 
means of rarified Vapour. 

(LXXXII.) In the Philofipbital Tnm/aSions, N<*. 461, dieie 
is an Account of an Improvement made in die Phv-Engme 
hy Mr. Payne, as follows. He has contrived two Iron Pott 
or VeiTels of a conical Form inverted, as reprefented by 
A B E F, on the upper Part of which is fi^'d a romid globu- PI- XX V. 
hr Copper Head (of about t;i Feet diameter) as L M N. Fig. 8. 
There is then placed on the Infide a fihall Machine H, called 
the Dijper/ir, with Spouts a, b, r, d^ e^ &c. round the Sides 
fix'd to it, and the Bottom thereof refts on a Centre-Pin Or: 
In this Machine is iixM an npfight Tube G, with Holes at . 
the Bottom, and a Funnel P on the Top to receive a Spout 
of Water from a Conduit- Pipe (^ by the Stop-Cock R. 

/. This VefTel being compleated, two or more of them 
are placed in a reverberatory Arch for conveying the intenfe 
Heat of a ftronc; Fire, the Flame whereof encompafTes the 
Iron VeiTels, and keep them. in a red Heat, darmg the Time 
of their Ufe; at which Time the C6g- Wheel I, being tom'd 
by proper Machinery, whirls the Dil|««*jrfer about with great 
Velocity, and caufcs the Water in it (by a centrifugal Force) 
to fly thro* the Spouts againft the Sides of the red-hot Pots, 
which immediately converts the greateft Part thereof into Va* 
pour or ela^c Steam, which is conveyed by a conmion Pipe 
and Cock to the Barrel of the Engine to put the Piik)n in 
Motion; and the wafie Water is conveyed away at bottom, r 
by means of a Pipe C D, with a Valve at D to keep out the 
Air. 

3. By many Experiments made on this Engine, Mr. Pajne 
has proved the following Particulars, <;/%. Tiuu fuch an igttl«. 
fied Pot or Veflel will rarify or expand 50 Gallops of Water, 
Wine-Meafure, ptr HooTr 

Y 1 4. That 
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4. That a cubic Inch of Water will make in Piadiie 40CO 
Inches of Steam ; and theiefore 50 Gallons will produce 
46000000 fir Hour, or 770000 fer M inut? ; hence two fach 
Pots will produce 1540000 cubic Inches of elaitic Steam /><r 
Minute. ' 

5. That by an Experiment made at a Fire-Enpne, 40 
Gallons of Water fer Hour, made into elaftic Steam, will 
effe&ually give Motion to a 24 Inch Cylinder-EnCTie* 

6. That 112/^. of Coals is fufident, in thb Mediod, to 
rariiy 90 Gallons of Water per Hour into Steam, whereas 
in the Common Firc-En^e, withBoilen> 'tis ufiial to ex- 
pend three times as great a Qiantity. 

7. That 95 Gallons of Watel: expanded into Steam wiH 
work a 36 Inch Cylinder-Engbe; bom all which he condodes, 
that his new Invention will lave at lieaft to fer dm. m Pit- 
Coals to work a Fire Engine. 

8. The Method by which he found how much Steam could* 
be produced from a given Quantity of Water was this. He 
procured a Copper Globe A 1 2 Inches in Diameter, with 
two Brais Cocks BB oppofite'to each other 1 by one of thefe 
the Globe was faflen*d to a Pipe £^ which was £x*d to the 
upper Part of one of the Steam Veflels (as at N) and was 
fiird with Steam by the Cock F; upon the other Cock was 
fx'd a fmall Valve D, fitted to a Bore of one Indi Diameter ; 
and C is a Handle or Bale to fufpend it by. 

9. The whole th,us fitted weighed i^th. $oz* Troy^ or 
122^. gioK, Jverdufw; the Capadty or Content Was about 
925 cubic Inches. . The Globe being fix'd to the Steam-Vef- 
lel, all the Cocks were turn'd, till the Steam by paffing thro* 
had fttiEdently heated the Globe; then being ftopp^d, the 
Steam condenfed, and the Air let in, when weighM in a vetf 
nice Balance, the Weight was 15/^. 302. iJwt, {& that the 
whole Quantity^ of Steam was but 2 Penny- Weights, or t"o o^ 
an Ounce Tr»j^' Whence one Ounce of Water makes 9250 
cubic Inches of Steam. 

10. The Globe fiU'd with Water weighM 45 /J. 7 ox. 
After this, it being fiird with Steam, and one of the Cocks 
put under Water^ the Water rufhM into the Globe, and the 
Cock being again tum*d, and the Globe of Water now 
weigh'd, the Weight was 44 /i^. ^oz, which dedufked from 
the former Weight, gave 1402;; which fliewM that dl the 
Air was nearly exclu£d, or that a Facuum was approach^ 
to in the Ratio of 7 1 3 tp 727 ; or the Part pofi*eis'd by Air 

• was but the y^ Part of the Whole. 

11. The Air being again thus exduded out of the Globd 
hy Steam» and both Coclu turned, the Globe was thus weigh*d» 

' . and 
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The abovementionM prodighus RarefaiSion 
of a fmali Quantity of Water will be made very 
fenfible by die jEolipUe^ whofe Nature and Ufe 
in the Produ6tion of a continual and moft power- 
ful^Blqft of Steam J or vapourvus Windj is a Phe- 
nomenon equally curious and furprifing, as will apr 
pear from the Experiment (LXXXIII.) 

and tKe Weight was i z /}. loi oz. then one Cock was openM 
and the Air let in, upon which the Scale defended, zad | ani ' 
Ounce JverJupois, being added to the other Scale, refh>r*d 
the Eqailibrium, which was therefore the Weight of the Air, 
or 925 cubic Inches of Air weigh'd about 220 Gnuns, 

12. But it was found above, that the Globe full of Steam 
weigh*d only 2 Penny-Weight Tr^, or 40 Grains ; whence 
the fpecific Gravity of elaftic Steam is to that of Air as 40 
to 220, or as I to 5 nearly i and iince that. of Air is to Wa- 
ter as 1 to 860, therefore the fpecific Gravity of Steam is 
to that of the Water, as i to 860 x 5 =4300. 

13. Again, fince i^ of an Ounce of Water expell^ near 
925 Cubic Inches of Air; then one cubic Inch of Water 
(which weighs -^^ of an Ounce Troy) will expel about 4630 
cubic Inches, but Mr. Payne takes 4000 for a Standard in 
Calaulation. 

(I^X^XIII.) I. The i^LiPiLE is an Inftrument contrived 
hr Ufe, as well as Jucundity. It has its Name from the 
Fable of JEolvs, the God of Winds and Tempefts, who 
was defcribed, as having bis Palace in the Caves, and lock- 
ing up the Winds in the Hollows of the. Moantaihs. The 
Word literally interpreted is, th Gaits of Mojus^ {*ki\^% 
Wxati) becaufe of the Similitude of i(s £#ed. For i^ cofi'^ 
fi(b of a Copper globular Body, in which is inferted a (hiall 
Neck or Pipe, wiqi a very fmall Orifice, from whence (when 
the VeiTel has Water in it, and heat^) a Vapoui; iflhes with 
prodigious Violence, Impetuofity and Foice> and blows in tho 
Manner of a terrible tempefhious Wind. 

2. The Body of this Inftrament confifb of two Parts, A pi. XXIt 
. and B, folderM together with hard Solder, to. endure a great pig. 7. 
Heat of Fire. On the upper Part is alfo foldcr'd the Pipe 
C D<( whole Orifice or Holp at D is about the 40th pr 50th 
Part of an Inch in Diameter. The Way to fiU it* with Wa- 
ter Is, to fet it firH, while empty, on ^e Fii;e, which will 

y 3 kc« 
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V. The laftCaufe of the Motion of Fluids 
which I mcntion'd was that of Attraftion, We 
have already fccn how by this means any Fluid 
will afcend above the common Surface in Ca- 
pillary Tubesj &c. But the moft notable and 
obvious Motion of Fluid* arifmg from Attraftion^ 
is that of the Tides ; the Waters of the immenfe 
Ocean, forgetful, as it were, of their natural 
^ietusy move, and roll in fwelling Tides obfe- 
quious to the fovereign Power of the Moon, and 
weaker Influence of ihe Sun. 
Pl.XXIII. 'To illuftrate this, let NESQ^reprefent the 
f* 3- Earth, covered oyer with Water ABDF; NS 
the Axis of the Earth,- E Q^the Equator, T R 
the Tropic of Cancer ^ iTr the Tropic of Capri- 
corny M the Moon in her Orbit, S the Sun in 
his. Npw fince all Bpdies are endued with an 
attrafting Virtue, the Moon will attrad all the 

heat it, and drive out all the Air; then with a Pair of Tongs 
you take it off the Fire, and hold the End of the Pipe D 
under Watcf, and the Water wiH run in to poifefs the Space 
jiefcrtcd by the Air, by the Preflbre of the Atmofphere. 

3. For an Experiment, it need not be more then half full 
of Water^ whiph will be a confiderablc Time in being changed 
into Vapour* The ftrpnjger the Fire, the better wHl be the 
•Steam , and the more forcibly will it fly out, and it will continue 
this furpris^ing Blaft, till it is whplly evacuated^ then the Noife 
^eafes, and a fliU fine Jiohi follows the Steam. ' Great Care 
muft be taken npt to have the Ho|e at D ilopp'd in putting 
it in the Fixe, for if that (hould hapjpcni the iEolipilc will 
burft with a gfea^ Explofion (equal to that of a Cannon) and 
may do very great Mifchief, as I have twice experienced, and 
once it was like to have been fatal j for then, when it burft, 
the Power was fo great, as to rend afunder the Bqdjr of the 
Jnftrument, npt in the Jointure, but in the folid Metal, which 
was at leail 8 JRundredihs of an Inch thick. It happily ftood 

^ ' Water 
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Water in the neareft Hemifpherei FAP, with 

Degrees of Force which are inverfely as the 

Squares of the Diftances from all Parts ; and 

therefore with the ftrongeft Force where the Di- 

ftance is leaA, viz. in the Point A direftly under 

her; and this Attraction being in this Hemi- 

fphere contrary to that of the Earth, the Water 

in all Parts from B and F towards A will have 

their Gravity gradually decreafing, and be lighted 

of all at the Part A ; and confequently muft there 

ftand higher than at the Point F, where they are 

more attraded by the Earth, and fo heavier, as 

is evident from the Laws of Hydrojiatics. 

Again : In the other Hemifphere FDB, the 
Attraftion of the Moon conlpires with that of the 
Earth ; but decreafing as the Squares of the Di- 
ftances increafe, the joint Force of Attraftipn will 
every where decreafe from F and B towards D, 



fo as to fly againA the inner Part of the Mantle-Piece, which 
beat it both Sides together by the Violence cf the Blow ; 
which, had it iiown into the Room, mufl haye been fatal to 
any one or more who fliould have been in its Way. 

4. To give an Idea of the great Force neceffary to burft 
the j^olipile in the Manner above-mentioned, let us pro- 
ceed to Calculation. It has been found by £xperiment, that 
a Copper Wire -l^ of a Rbin^-Land Inch in Diameter was 
broke afunder by the Weight of 299 1/(. hung on to it. 
Now the RhifU'Land Foot is to the London Foot, as 139 to 
135; the Diameter therefore of the Wire in Englifif Mea- 
fure was tV?o ^^ ^^ Inch, whence the Area of its tranfvtrfe 
Seftion will be afxTfJi^, or very nearly ^ffr of an Infh 
fquarc., 

5. The Diameter of the ^olipile is 4 Inches, its Circumfe- 
rence therefore is 1 2,566 ; its Thicknefs about tI^* or o>p8 of 
an Inch, whence 12,566 x 0,08 =: 1,00528 =:: the Arc% of the 
tended Circumference of the i^olipile. Then fay, by the 
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Ac Point oppofite to the Moon ; where, agaipf 
the Waters will be lighteft, and therefore Hand 
higheft to preferve the Equilibrium. Whence 1% 
appears, that by this Sum and DifFerence of the 
Moon's and Earth's Attraftion, there will necef- 
farjly enfue ^ Protuberance or Swelling of the 
Waters, which we call Tides of Floods in the two 
Points A and D direftly under the Moon. Alfq 
ill the t^o Joints F and B, as the Waters are 
there nioft attracted, fo they will be heavieft,and 
confequently rife to the |ea0: Height from the 
Earth's Surface, whence they are called Tides of 
Ebb^ or the Ebbing of the Water. 

If to the Power of the Moon we add. that of 
the Sun, we fliall have the Tides cpnfiderably 
augmented at the ConjunEtion in S, or Oppojition 
vc\ H, that is, at the New and Full Moons^ which'^ 
are caird the Spring Tides \ as thofe which happen 

Rule of Three, If ^|4t pr ^|j require 290^ or 300/*. t<J 
Ijreak it. What will J fquarc Inch. require? ThcAnfwer is, 
38250/3. for ^\^ : 300/^. :: i : 38250/^. Sb'thje Force of 
the Steam which burlt the iEolipile was thirty- a^ktrhwfani 
and two Hundred and fifty Pounds^ or one Thouiand nine Hun- 
dred and twelve Tons and an half! * * 

6. This may ferve as a notable Inftance of the incre4i. 
ble FOfce of elaftic Steam, it being three times as great as 
the Fofce of Gun Powder in the largeft Cannon, as calcu- 
lated in Jnnotaf. XXV. Hence it appears of what prodi- 
gious Ufe tjiis exp^ndejl Vapour would be, could we rarify 
)Vater into Vapour as fpon, and with the fame Eafe/ as we 
ca^ fet Fire to Powder. 'This Property of Air has already 
fupplied us with Air-Gtms ; and \vith much greater EfFea might 
we have Steam Guns, and other Inllruments, if that could be 
§one. ' ^ ^• 

7. To try this, one need only take a Vial ^ith 6ne Drop 
Of W^r m It, and fct it 0V5* the Fire, 'tlU'the 'Drop b^guj 

^'hcft 
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when the Sun is at O or P are call'd Neap Tides^ 
the Waters at A and D being then loweft, bcr 
caufe the Attraftion of the Moon is then cdunterr 
afted by that of the Sun. 

It is farther to be oblerved,That of the twm 
Tides of Flood at A and D^ that at A is greateft 
to any Place T in Northern Latitude^ when the 
Moon is in Northern Signs^ and above the Ho- 
rizon •, for the Point A is then nearer the Zenith 
of the PJ^ce G, than the oppofite Point D is to 
the fame Place at R twelve Hours afterwards ; * 

and confequently, the Height of the Tide T G 
is greater than that of the oppofite Tide R^. 
The contrary happens when the Moon is in South- 
ern Signs. 

That there are t'tt^o Tides of Floods and two of 
Ebh^ fucceeding each other alternately at the In- 
terval of J^ Hours j is obvious from the Figure. 

t6 rife in YapQur, and drive oat the Air, then patdng the 
Cork faft into the Moath of the Vial, fet it on the Fire, andl 
incline it to the farther Side of the Room, after fome little 
Time the Steam will difdiarge the Cork with a confiderable 
Eaqiiofion, and throw it as far as a Grain of Oun-Powder 
wquld have done. 

' 8. Qr thus ; let a few Drops of Water be put into a Piftol 
or Gun Barrel dofed on the Breech-End, and a leaden BaU 
let thruft hard into the Barrel ; let the End of the Barrel then' 
be put over the Fire to heat, and expand the Water Into 
Steam, which when it begins to come out <^ the Touch-hole, 
will ihew the Air to he ill excluded ; then let the Hole hm 
fbpp'd with a fmall Plug, and in fome time the Vapour will 
difdiarge the Bullet, with as much Force as a common Chaige 
of Powder, and with the &me Report and Execution. 

9. And thqugh it wBy be difficult to contrive any Medifid 
of making Vapour of a fuScientiflaftic Force in large Quan- 

' ' ' That 
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That they happen later each Day near an Hour^ is 
owing to thcii' cxaft Corrcfpondcncc to die Ma- 
Hon of the Moon^ whiph daily culminates fo much 
later. That they happen not when the Moon is 
in the Meridian^ but about three Hours after ^ is 
owing to the Force of the Moon being then 
greater than when in the Meridian of any Place ; 
as the Heat of the Day is greater at Three 
o'Qock than at Twelve; and the Heat of the 
Summer is greater in Augufl^ than at the lo*** of 
June. Laftly, that the greateji Spring Tides hap- 
pen not at the lo*** of March j and 12'" of Sep- 
tiember;, but in February and Oftobcr, is becaufe 
the Sun being neareft the Earth in December^ his 
Influence is then ftrongeft, and fo muft .quicken 
the Time of the greateft Fernal Tides ; and be- 
ing weakeft in June^ the Time of the Autumnal 
Tides will ncceffarily be retarded. ' 

Such are the Phenomena of the TideSy ^- 
cording to a general Theory, and are found tQ 
be verified in thofe Parts of the Earth's Sub- 



titles, fo as by Condiid-Pipes to charge large Guns there- 
withy at a Dillance from the Steam- Veflel j yet fom^ 
thing of this Kind may be tfkGitd, by expanding a fmalt 
Qttanticy of Water at the Bot^m of the Cannon into Va- 
pour, by firil patting a red-hot Iron Bullet down the Bore to ' 
the Water, which it foon diffipates into Vapour, and whea 
confinM at the Touch bole, and another with which the Can- 
non is charged, it will foon become ftrong enough to drive i« 
with Force enough for aBy propofed ESedl. So that ^tStiam- ' 
Gun^ or even a Stcam-Camoft, is perhaps a Matter not merely 
in fofi, but may be hoped for in Reality, if all proper £x- 
pedicsits be tried, and Experiments made for that Purpofe. 

* ' - face 
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face which arc wb^lfy covered wish ff^aler^ as the 
Theory requires-, I mean, Hv^ y^Si Atlantic and 
Wefiern Oceans (LXXXIV.) 



(LXXXIV.) I. TJie Theory of the Ti^cs b a Point of 
great Cariofity and Importance, and has therefore excited fe« 
veral learned Gentlemen to endeavour an Explanation thereof^ 
in fuch Ways, as they think the various Phsenomena will be 
bell and mod eai^y underflood. I have confider*d thon all, 
and can find none which I think fo njitnral and obvious as 
that which I have here propofed. Nature herfelf here points 
out all the Phenomena, and that too plainly to want any AT* 
fifbuice from the various Contrivances of Art; which I find by 
frequent Experience is more apt to puzzle than afford any 
Ecclairciffemint in this particular Cafe. 

a. The Mathematical Principles of Theory are as follow. Piate 
Let T be the Centre of the Earth, O the Moon, and ACBD XXVII. 
the Circumference of the Earth, which fuppofe all around en- Fig. 1. 
vironM with Wat^^ whofe outmoft Surface is reprefented by 
(he dotted Circle^ and its Diftance from t)ie Earth*s Sur&ce is in« 
definitely fmall in refped of the Earth's Semidiameter« Now 
Uis plain were the Nfoon away, or her Attradtion at the Earth 
nothing, the Waters would every where have an equal Share 
of the Earth's attra^ive Power (fuppofing the Earth quieA:ent) 
and fo would uke t)ieir Place at an equal DiHance from the 
Centre, and therefore conform them&lves to a fpherical Fi- 
gure, agreeable ;o what was ihewn under the Lnus of Hy 
droftaiia. * 

3. But fince the Earth is not quiefcent, but moveable up- 
on its Axb, the Centrifugal Force generated under the Equa- 
tor (where it is greatcft) will there diminifli the Power of Gra- 
vity upon the Waters, and render them lefs heavy there than 
on any other Part, and as the Centrifugal Forc€ decreafes to- ' 
wards each Pole, the Weight of the Water will increafe, and 
be greateft under either Pole. And fince Fluids, which com- 
municate with each other, maintain an Equilibrium, and if 
they are of, different Weights, they have alfo different Den- 
fities, and consequently require different Altitudes to fuffain 
each other iuE^tibrioi therefore it follows, that the Wa^ 
ters under the Equator, which afe lighted, muff have a greater 
Altitude (or Diffance from the Earth's Surface) to be in Efui^ 
Uhrio with the Waters under the Pole, which are heavier, 
and will therefore have a lefs Altitude. Hence the Figure of 
an univerfal Ocean will npt be fpherkal^ but a flatted Sphe- 
roid 
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loid (like that of the floid Earth, and for the iame ReafoHr 
in Mmiat. XXXIV) whofe long^ Diameter b that of the ' 
Equator continned. 

4. But as this refolts from the diamal Rotation of the Earth 
only, which is always uniform, and every v^iere conftaotly 
the fiime, it can auife no Alteration in the Depth of the Wa- 
ter, in any particular Place, and therefore can have no Share 
in the Caufc of the Flux and Reflux of the Sea, at Icaft fo 
little as not to deferve Notfce, and cannot be difcem*d by 
the Senfes. However, what that is will be (kewa in the Se- 
quel of this Note. 

J. The alternate Rifing and Fallingof the Waters is there- 
fore owing to fome other Caufe or Caafes than what can be 
fpand in or upon the Earth ; that is* it muft be owing to fome 
of the Heavenly Bodies which we fee at a Difiance from os. 
This the Ancients made no Doubt of; and afcribed it to th^ 
Influence of the Moon, with good Reafon, as they £iw fb 
plain a Congruity between the Motion of the Waters, an4 
that of the Moon. They could not alfe but obferve, that 
at each New and Full Moon the TJdes were, greater than 
at other Times, and were therefore affiirM, the Sun was 
likcwife concem'd in the Caufe of the. Tides. Yea, Pliny 
afTures us, that they were fo nice as to obferve the annuiu 
^hammena of the Tide 5 and knew that the Tides were greater 
in Winter than in Summer. But they had no Theory to ac- 
count fof (he diurnal, menflrual, and annual Differences of 
the Tide. This was referv'd for the Invention of the cele- 
brated Author of our Philofophy, whofe FootHeps, therefore, 
we Ihall here infifl on as near as poflibly we can, in expli- 
cating all the particular Pb^tmmena of the Tides. 

6. Since (as we have fhewn] all Bodies mutually attradl each 
other, the Moon at O will attrad the Earth at T, and its 
Waters, as well as be attra£led by it. But fince the Law of 
Attraction is to decreafe, as the Squares of the Diflances in* 
<;reafe, the Water at A,P,C,B, or at A,D,/>,B, will be 
differently aifedted by the attradive Power of the Moon atO^ 
4ie Attraction at A will be greateft as being neareft, that at 
B leaft, and at C or D, it will be at a Mea«, and the fame 
hea^ly as at T the Centre of the Earth, becanie of the w^yy 
great Diflance T O in refpeft of T C. 

7. Let us confider the Cafe of one aqueous Particle at P, 
and compare it with that of A in the neareft Hemifphere 
CAD; and of another at p compared with that of B in the 
farthelV Hemifphere C B D. Draw the Lines O P and O^ ; 
^n O F conLinucd out let O K reprefe^^ the me^ Attraj^ion, 
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or that of the Particle C^ and let it be made to O L : OK :: 
OK*: OP*; then wmOL:OK::^p : ^^.orOK: 

7~ :i OL:;:pT-T» wherefore O K and OL willreprefeltt 
OIL C/ Ju 

the atcra6iive Forces of the Moon on the Partides at C and 

P, ,a8 being inverfely as the Squares of the Diftances. 

8. In like Manner^ if we take 0/:0i :: Oi* : 0/\ 
then will O / be the Force with which the Particle / h af- 
ftfted by the Moon* Continue out OT, and draw L M pa- 
lallel to PT, and /« to f T. Then is the Force O L re- 
folvable into the two Forces LM, and MO, and the Force 
O / into /m» and m O. Now fince L M and /m diredUy con- 
fpire with PT, and/T, they will cxprefe Forces to befupcr^ • 
added to the Attra^ion of the Earth upon the Particles P 
and/; and therefore unlefs thefe additional Forces were e* 
very where the fame, the Wafers about the Earth's Sorfece, 
cannot have an equal Power of Gravity towards the Earth's 
Centre; and fo cannot exift in a fpherical Form. 

9. In order to fee this, we have (by (imilar Triangles L OM 

and POT) LM:PT::LO;PO; whence LM=0j!il2s 
butfmce LO is «» 5^^ (by jirf. 7.) we have LM=: 
or fince PT is given LM= -— , and for the 

fame Reafon /«»=: p^, that is, LM:/«::/0^ :PO^'; 

bttt iaice P O is Icfs than /O, L M will be much greater than 
/m, confequently the Water atPand / will be aSeded with 
very different Forces, and therefore will not tend equally to 
the £arth'« Centre T, or be at an equal Diflance from it. 
And this DiiFerente of Forces will be greatell of all at the 
Points A and B, for there thefe perturbating Forces will be 
as A O ^ and B,0 ' inverfely, which Cubes have the greateil 
Difference of/U others. 

lo. Now this is only one Part of the Attradlion -rf the 
Moon which difturbs the Waters ; the other Part M O makes 
this Perturbation ftill greater; for if TO be the Force with 
which the Earth's Centre is attra^ed by the Moon O, 'tis 
plain the Waters can never accede diredUy towards the Moon 
with the fame Velocity that the Earth does, unlefs when MO 
and ffi O art equal to TO, that is, at the Points C and D. * * 
-. ' Pi-om 
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From M O fubdaa TO, die Remainder T M will be the Erl 
cefs of Force, by which the Waters in every Peine P, of the 
Hemifphere CAD will be accelerated towards the Moon 
more then the Earth itfelf i and Tiv will expreij the Force 
by which the Earth tends towards the Moon more than the 
Water at any Point p in the remote Hemifphere CBD. 

1 1 . The Proportion of the Part of the Force M O, in re- 
focft to OP, is thus fomid; as MO:OT :: LM: P T; 

wherefore MO = — ~ — ; butfinccboth OTand FT 

are confhmt/we have M O as LM, s. r. MO is as -^TT?* 

' Therefore at A^ MO willbeas-r-^-f s andatB, mO will 

be as —^^ that is, in refpeft tO thfe Points A and B, we 

have M0:«0::06^:A0^; and iince thefe Cubes are 
the greateft of all others, the Waters will be accelerated in 
A towards the Moon with the greateft Difference of Attiadion, 
and at B with the lead ; confequently the Water will there on 
this Account alfo recede mod from a fpherical Figure. 

12. Therefore, fince both Parts of the Moon's Force are' 
porportiooal to the Cubes of the Difhmce of the Lamiinary 
inverfely, they will both confpire to make the Waters at A 
and B recede from the Centre of the Earth T, aid put on a 
fpheroidical Figure, whofe longeft Axis B A goes towards the 
Moon's Centre O. The Force M0=;MT+T0, butfincd 
the Part TO is always the fame, the perturbating Part will 
be only TM, which will be as MO— TO, and fo when 
MO=:TO, thenTM = 0; which happens when P is at 
C or D; and then alfo LM coincides with PT, and both 
with C T I whence fince in that Cafe the Line O K becomes 
O C "^ OT, the perturbating Forces will in Part vanifh (nn%. 
T M =±0) and the other Part LM will make the Waters ci 
C heavier than in any other Pkce ; and fince every.thing 
luqppens inverfely, with regard to the Particle /, it follows the 
Wateii about the Points C and D will be at a lefs Diilance 
from the Earth's Centre than any where elfe, whence C T D 
will be the /horteft Diameter of the aqueous Spheroid 
ACBD. 

13. The Sun at S is fliewn to produce the fame Sort ^t 
ElFetb upon the Water, about the Earth; only in a lefler De^ 
gree. For tho' the Mmtntum^ or abfolute F/Orce of the Sun 
upon the Waters is much greater than that of^ the Moon, 
yet the Parts of the Force Whidi difhirb the Figure of the 

aqueous 
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aqaeons Globe, 'vise. LM and im, and TM, and Tm w31 
in this Cafe be lefs than before, on account of the much greater 
Diftancc TS than TO. As the pcrturbating Forces of die 
Moon in the Points A and B are as BO Mo AO^, thofe 
of the Sun will be as S B Mo S A^ But the Difference of 
thefe latter Cubes is much lefs than thaf of the former, be- 
caufc of their vaflly larger Roots SB and S A. For Exam- 
ple, Suppofe OA= 10, OBcrii; and SAsrioo, and 
SBz= loi jthenOA':OB' :; 1000:1331:: loo: 1033 near- 
ly. But SA'":SB^ :: xooopoo: 1030301 :: 100: jo3near- 

14. Hence we fee, that both the Luminaries produce a 
Tide in two oppofite Parts of the Earth's Surface A and B, 
in a Space of a Day proper to each, /. e, in the Space of a 
Lunar and Solar Day, or the Time in which the Moon, or the' 
Sun^ af.er leaving t^ Meridian, comes to it again. Tlra 
Lunar Day (becaufe of the Moon*s quick Motion conipiring 
with that of the Earth) b about 50 Minutes longer than the 
Solar Day of 24 Hours. And thofe Tides will always be 
moving the fame way, fometimes together, fometimes fepa- 
•rately, that of the Moon always following after, that of the 

Sun. 

15. In order to compute. the Forces of the Sun and Mooa 
to raife the Waters, we will fuppofe (at prcfeni) that P is the 
Moon, and T the Earth, then I/M will be the Addition of 
the Moon*s Gravity to t)ie Earth arifing from the AGdon of 
the Sun S. When P is at C, then LM will be as CT, 
which let as call A. The Gravity of the Earth towards the 
Sun will be expounded by TS, which call F, that is, let 
C T : T S : A : F. Let P be the periodical Time of the Barth 
about the Sun» and p that of the Moon about the Earth ; alfo 
let/be the Force of Gravity in the Moon towards the Earth; 

then will F :/;: I^ : 21£ (by Jnnotat. XXXIV.'6.) there- 

F A F A F /* 

foreF:/::-^ : — jconfequently.— = Y;-, that is, 

A f 
—J =:-^. whence A :/:: /* ; P* ; cr lii additional Gra'vity 

to the Moon at C, // to the Gravity of the Moon fnuards the 
Earth, as ihe Square of the Moons Period to thi Square of the 
Earth's Period. Now p::z zj Days 7 Hours 43^; and P = 
365 Days 6 Hours 9', whence ^^ : P^ :: 1000 : 178725 :; 

'»: i78t7^V7s:: A:/. 

16. Now the Semidiameter of the Ei^rth betfig put = i, 
and G 5= Power of Gravity on its Surface ; fince the Mean- 

" • Diftance 
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Difluce of the lloim 60m die Earth is 60 Senudiameters of 
Ae Ewth, wc fliall have/: G :; i* : 60* :: i : 3600 ; thexe^ 

fore 3600/= G, wad/zz. -rg-^ which bemg put for /, 

^ G o 

in the Proportion above» wc haire A : -7 — 22 > ^ 1 70*725 *' 

whence 178,725 A= -r — • Therefore A: Gti'i : 178,725 

^ 3600 zz 643400. 

17. What we have hitherto faid is upon Suppofition that 
the Moon revolves about the Centre of the Barth at Reft ; 
but this is not the Cafe, for both the Earth and Moon re*- 
volve about one common Centre of Gravity (as wc have 
fliewn AuMotat. XXXVI.) and allowing the Mafs of Matter in 
the Moon to that in the Earth as 1 to 39*788, wc find the 
true Mean-Diilance of the Moon from the Eardi revolving 
about the common Centre of Gravity, to be 60,5 Semidia- 
sn^ters of the Earth ; but the Force by which it is retained in 
its Orbit at 60 Semidiameters, is to the Force retaitiing it at 
60I (revolving in the iame Time as before] as 60 to 60 1 
(as was ihewn Annotat. XXXIV. 8.) Wherefore 60: 6o| ::/: 

■ *^'^ zz, f truly equated. But here /= - — » and before 

1. J ^ ® .u r ^^f ^ Ir ^O'SG 
wc had /=:-r-I< therefore - — - =:'^-j-,andfo-7 — r~r' 

^ 60* 60,5 60* 60x60x60 

c f ; wherefore A : G :: i : 643400 x -r — = 638059,78 

D 

18. After the fame Manner it is fhcwn, if any Body P reJr 
volve 'about the Earth at its Surface, it would at C have an oddi* 

donalGravitya,whichwould beas— ; therefore A :a :: 60^ : 

i:—:— ; whence «'=6oitf = 60 J x 638059,78== 
ox 

38602616,7. Now becaufe the Waters will be aCe^ed juft 

in the fame Manner as fuch a Body revolving at the Earth's 

Surface, by the Inflaence of the Suiii, (becaufe both will 

yield to an imprcfs'd Force) ttere/ort the Ponver of the Sun to 

increafe tht Gravity of the Waten at C and D, « to the Pc^ir 

vfGrarviiy as I to 386oa6l6,7. 

19. In order to eilimate this Force at A and B, we muft 
£nd the Value of L M there, by which the Partide at A is 

impefl'd 
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hojftlVd ttwards T; and of TM» by whicb It is impelIMm 
a contrary Direftion towards S. Then will the Difference of 
thcfe two Forces, w«. TM — L M, be the Force required. 
In order to this, it moil bte coniider^d, that on account of the 
prodigioQs Diftsmce of O in Comparifon of P, the Angle 
POT will be exceeding fmall, and the Lines Q L, OM, 
may be looked upon a^ parallel, an^ therefore LMzrPT, 
and PL = TM^ ver/ nearly. 

20. Then when P coincides with A, and K with T, we 
liave.LM=AT=PK, and TM=PL=zAT + KLi 
wherefore TM — LM = KL« which therefore is the whple. 
Force by which the Waters at A are drawn from^the Earth's 
Centre T. In the fame Manner it is fhewn that T«— /«= 
AJzsz to the who}e perturbating Force at B. 

21. Again, fince SP is nearly equal to SK» ^nd it is SL: 
SK::SK*:SPS and therefore SL— 8K :SKr:^K*~gP*: 
SP% that is, ?:i,:SK:PKxSK+3P:SP* (bccaafe the 

' Difference of the Squares of any (two Numb ers is e qual to 
their Sum multiplied by their Difference; tl^us a-|*^ x^^«— ^ 
— ««^i^.) Therefore, finceSK=:SP, we have KL; 
SP::PKx2.SP:SP»:;2PK^SPj wherefore KL:;=2PK, 

aodPL;:?TM:;?3P5-. 

22. Hence, when P coincides with A, we have PK= AT 
= P T = L M, and therefore TM= P K =:*3 L M 5 whence 
TM--i:,M=KL=2LM=p2AT=:2CT. ButCT 
expreiles the additional Gravity i,t C ; therefore K L= 2TC, 
is the Force by which the Waters are drawn from T towards 

Si and fince TC = a = -— — 2-r^ » we have KL = 
38602616,7 
2G G 

-r? — . > ' =?— ^ j^rre-; that is, the Diminution of the 

38602616,7 19301308,3 

Gravity at A is double the Increafe of it at C, an4 is the 

*r^ Pait of thp Whole Gravity. 

19301308,3 . 

23. Hence the Sum of both thp Forces RL-f-LMz? 
2G G _ 3 G G 

38602616,7 ■ 38602616,7"^ 3&6o26i6,7 12467538,9* 
or the whole Force of the Sun tp agitate th^ Waters of the 

Ocean will be the — ^, Part of the Gravity or Force 

12867538,9 ^ 

of the Earth's Attra^on. This is the Force in any given 

Place to which the Sun is vertical, and in his Mean-Diftance 

from the Earth. In other Pofitions of the Sun, the Forc^ 

will vary in tl^ Prop(»tion of the verfifd Sine of double tke. 

Z Z^n\t 
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Sun^s JltUf^ah^i the Hvrissmt £r^lj^ mmlthfC^dfitf Bl* 
fiancifrfm the Sartb \wvtrfely. . 

24. It has beea fhewn dbat the centrifugal Foice of the 

farti of die Bartb eiider the Equator la -— Fart of Gravity, 

(AMMiai. XXXIV. so.) wherefore the centrifugal Force is to 
the SiuU Force to agitate the Sea, as 1 2867538,9 to 289, 
or «s 44^24^ to I. Alio fince the Dii^netcr of the Equa* 
tor it to that of the Poles as 2)0 to 229 (as was there fhewn}, 
if we iay> as 229:230:: 4000:401 7,$» the DilEerence 17,5 
Ifiies, or 924000 Feet» is the £ffe^ or Elevation at the E- 
quator, OGcafion'd by die centrifugal Force, Say then, As 
44524,4: 9240QO li 1 :2«o7=:i 2 ^^^ t of an Inch = 24,84 
. Jodses, which therefore is the Height which the Suq can ^- 
levate the Waten to at A and B a^ve that at the Points O 
wdD. 

^5- In this Computation, Trtfffor Eulsr has thought fit 
ta fiod great Fault with $ir Isaac Ne wtoNj and his Prin- 
ciples, calling dM| Ahitode of 25 Inches an tmrmna ^der^ 
nneous Effe^^ oecanfe bis own Calculation produces but 4 * 
foot, or a link more, for the^ieight to which the Sun can 
elevate the Sea. But fioce Meflrs. Btm&uifi and. hUc Lamjm 
have ea£h of t)iein feparatdy inftituted the Calcuks, and re- 
fofvM the Problem, with foch an exad /^eement with ea^ 
other, and with Sir I/aac, there is no room to doubt of the 
Truth of it s and it appears to d^^pend on as certain Prin^ip- 
pies, and more evident than thofe which Mr. JSttkr has ad-r 
l^ced in Contradiction to Sir J/aac K^lpit. 

26. The Power of the S|ui to move the Waters has been 
computed by means of the periodical Times of the Eaich and 
Moon j and after the fame Manner might be computed the 
Force of the ^SpOA to difturb the Wafers, were there any Sa|- 
tellite revolving about the Moon te compare its periodical 
Time with the Moon^s periodiqil Time 1 hot as then; is none^ 
^e muft have recourfe to other Methods, t^e eafieft of whkh 
is, tO'CoUefl t}ie Proportion of the Fcrc^ of the Sun and 
Moon from the |*roportion of their £ffe£l« on the Waters of 
the Sea; that is by obfervmg the Heights to which they rife 
V'h^nthey aft together, and when they aft contrarily; thu« 
Stumius obferved at ^ Mouth of the Arjon, at the' third 
Stone ixflow Brifiol^ that the Water in the Syzygies was a • 
bout 45 Feet, and in (he Quadratures about 25 Feet. Alfo 
at Pfymautkf Captain Coi^^ obferved th<tfe Elevations to be 
as 20^ to 1 1 1, qr 41 to 23. .At Hm;rede Grme the Alri^ 
todes have been obferved as 17 to ti. The Mean of <ail 
Ihefe PiC^portiQus is 10 to 6. L^t S = the Sun's Force, and 

L 
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t = the Mo(m*s Force ) then will L4>S:L— S::io:6:t 

3 s whence L : S :: 4 : i, or the Force df the Moon witt 

afabut 4 times greater than that of the Son. 

27. And this would be a Deiennination fuficientl/ cxaA^ 
were the 3un and Mdon in the E4^tor, in their Mean-Dif* 
tances^from the Earth ; allp were the Tides to be greaticft and 
leaft in the Syzygie^ and Qgadratitres, ftpd Ae Di&nce of tho. 
Moon the fame in each; but fisce all thofe Thinfii aie foond. 
otheiwife in Fa£t, we (hall have the abg¥«iiieiitioa*d Propcc^. 
tion varied by them in fuch manner* diat it will btconi^ «i 
M 1/0x7522 L-j^i 0,7986355 S : o,983C4a7x c^<57oSa7 ik 
— 0,70863558 :; s : 3;brj patti»g i;*ettcn for the Numberv. • 
«=i,oi7s, *=;o,79?6, r-sro^gSj, 1^=5:0,857* we 
have aL + BS udh-^iS;: $'}* . 

2a, Henc^ 4L-f^^S.s= 5, and alhr^tiss, % 1 whence 

%~\ . s=8, wdiiehrubllitated in die other B^aation give/ 
fyL-^5+.*L=:5 3, Or fJL4.«I*5»«, wheact Lafc 

. » = 4,30 1 ; thfen ^ *^^ =s 0^7808 = S. Wher^* 

fore 6 :li:: 0,7808:4^361:: 1 : 5,5^8 ; btf tfw* take M 
Mean^PrHportion oF Tides as 9 to ;* as Sir Kuu Newtonhfi 
done, tllen Si-ii':; i: 4,481$. Sinde the San elevates tho 
Water 25 Inches, the Mo0n will elevate k 25 x 5,;o8 In^- 
^ies2s:i37i7=:rti Feet. The Soirf of bodi Forces flionlA 
devate the Water i 3! Fe«t at the Ne# and FbU Moon* and 
the DifFerence of the PorQei.^iikl nife the Water 9iFeeti 
a» in the Qoarten } Jnd thdfe Heights aniwer pfttty well tA 
Obfervations : For in the Atlantic and JBtUofic Oceans tiii 
Tides are fonnd ftom 6 to 15 Feet Allitode^ and generally < 
]pgher in the great ^mJIc Ooean. In fliort, that the Ph«* 
hoiheaa of the lides^ in this refpeftymay anfM^rtd the The- 
^4 the. wholfe Globe flionld be coverVi with very deep Wa^ 
for ; "at iedft the Ocean ibould not be Ms than 90 Degrees 
^^, or one Quarter of the Globe. 

20. The Sam of all that has bees faid is tiiii : If NOfQ^PIatg 
betheSorfaceof thlcEarthi T its Qtatte; iFKGLHC£ XXVil; 
d Ctrcie reprefenting the fpherical Surface of the Waters co- Pig. 2. 
irering the Earthy ^A aieded only with the Gmvity of the 
£artfa ; ujplon phKUng aa attnidling Body' at S at the l)u 
ftance S T, the Waters a^ no longer contlmie thehr i^herical 
Figure* but be immediately drawii into a fpheroidical Fignrtf 
ACB £>* in fitch mamwr* as to be deprefe'd at C and D to 
M and K, and ekraled from L and I to A aad B; and* 
tfae'^fation A L or B I it double the Oeprafion C M of 
2 a - DKi 
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iMir- a9> the Wamr afc^ed 19 Feet 2 hidUs^ and ati^ 
Jimt 19 (of ibt precedtDg Ycai^ it aicended but feo'the Height' 
of 18 Feet 4 Wm: T&e Pifiance Q^tlle Moon, &r. be- 
ing the fame in each Cafi^ which will be found nearly to an- 
swer to the Ratb df the Wobes of the Difiances invedUy, or 
of the apparent Diametfer of the Sun dircdly. 

37^ For fince the araa^ent Diameter AB of any Body de- 

Crcaib with the Anm KQ^ onder which it is feeh, fo that 

4tCand D itwillbeas the An|^e8 ACBand ADB; and 

thele Angles decreafe a> thfir mdii (or the Diftances) CF^ 

Ftate P F» increafe ; it follows that the ^ppuefcit IXameter A B is 

XXyil, tytry wbcre mtfS^ a$ thi$ DlOance, that is^ atC or D 

^%' 6- f,t hftTe AB as ^^^- Wlusfice if theappuent Di. 

imeier of the Son be 9A ^ TS th^ Difiance of the 

8im» then fiiice t]irr -=^, and'tKii Son's Fdrce (F) to move 

tlicSjfe^.^,;^(aslIici«»Jtt.fr//-sii Aci^f^FF-f^"*^ 
"D^'l tliAe JSy t^ Three if tbe LuHihafy t9 mtive the Sm h 
'\ . dinki^ayfJkCii^tffhtdffkreKtDiai^ 

'3^ A^ the Fdrce of theMocm io itaove die Waters is at 
a Meili^m •^botxt' 5 timdl'^pteteriiiait that «f the^aii, wideh 
isAe trtVh^if^^art * Gravity 1 that of the MAw will 
he the ttrh^ ^s^ of Ghi^» nod iSie^efm by lb* to<^ 
fmall to be ferifible in thb Motion of Fendnlnios^ er aiqr Kind> 
Of Static or HydroOaiic Expertm^nH. In the Motion tf f die 
Waters of the Sea only can it prodooe any fenfible £AMt. 

j9/ Toeftintttte theEkvatfon of Waters #Mch the Barth 
will prednoe in the Moon; let as foppoie thfc C^antify oJP 
Matter (Qj in the Eartb'to be t« that m the Moon (f} 
ai40 to i.that is,'Qjf :: 4x5: i/sHidkt us irft'ftippOfe tM 
Barth and Moon of equal Bnlk, tM reprtfemed by AI K 
and B Dft, and die Force <F) of the £arth^ at the Sorfedi 
of the Moon 6^ will be tb die Force (f ) of the Moon atthd 
Sorihce of the Earth A, direAly as-the Maffes of Matter hi 
each '^Mttitb' <>f the equal Diftaaees T B and L A>, diat is^ 
F:f ::Q:$::4o:i. Again, let L B be td LCistheDi^ 
nr Of the Bsirth to I ' 
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i that 6f the Moon, which is as 365 t^ 
100, difn wiK the Foree at B be t^ the Force ^^C as L B 
to L C, winch let be as i?* to^ then P :/-.: 365 : ido^ whenor 

F =: ^*^« and atn^ve/We b4ve F sc 40 f, .therefore 4000/ 
100 , 

sa 365/'; and fo f :/:: 36 j :'4o6o :: i : 1 1 nearly ; that isi 

fkf F9^er tfthi Maftk fc rai/i tbi Watir ai tU MmA C^ ii 

i$ 
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/# thai 9f th§ M^n at the Earth A as i f to i, very 

nearly. 

40. If then the Kfoqn can raile the Water here to Feeti 
the Earth can raifq tfie Water there to the Height of 110 
Feet ; but becaufe the Moon sdways toms about her Axis in 
the fame Time as file revolves al^ut the Earth, an4 by this 
Means fiiews always the fame Facp to the Earth, the Waters 
(if any there be] will be raifed on iphis and the oppofite Side, 
and adways continue over the feqie Part of the Moon*s Spr- 
huze, {o that there can be no different Heiglits of Wate^ 
there, «and confequently no Tides, except what fmall ones 
may happen on Account of the Sun*s Attradtion, and her \%r 
rioos Inequalities of Motion, and Difhmce from the Earth. 

41. The Air, which is 860 times lighter than water; muft 
yield in Proportion more eafily to the attrading Force of the 
$un and Mooi) ; and therefore the Tid^s will in tlijis profpun4 
and vaft Aerial 0(ea» be very coniiderable and importing. But 
pf this the Rc^er qiay expert a further Account whcin wi^* 
a)me to treatdire^^ly of the Atmoffbere in the next Ledure.* 
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